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VoL. III. HETEROCYCLIC COMPOUNDS 

The carbocyclic substances treated in the preceding volume belong to 
the class of homocyclic compounds, which consist of rings of atoms of 
one and the same element. Apparently, very few elements are adapted 
to such a ring formation.* 

However, substances are known in great number and complexity 
which are based upon ring-skeletons consisting of atoms of various 
elements. These bodies have been arranged under the designation 
heterocyclic compounds” It is true that a series of inorganic bodiesf 
can be included in this category, but it is our purpose to consider only 
the '' organo-inorganic — i.e., those ring-systems which are formed 
from carbon in union with other elements, the most important 
of which are oxygen, sulphur, but especially nitrogen. In many 
cases sulphur can be replaced by selenium, and there are some sub- 
stances known in which phosphorus forms a ring with C-atoms. In 
diphenylene iodonium iodide a trivalent iodine atom takes part in 
forming a ring.J: 

From the standpoint of organic chemistry, the basal element of 
these rings is carbon, and accordingly the members not produced by 
C-atoms are designated as hetero-atoms, and distinguished as mono-, 
di-, tri-, tetra-, etc., hetero-atomic rings, depending upon whether one, 
two, three, four, or more hetero-atoms have participated in their 
formation. To express the number of atoms constituting the entire 
ring, the rings are termed three, four, five, six, and pdy-memhered 
rings. 

Many heterocyclic compounds have been discussed in the preceding 
chapters — for example, the polymeric modifications of aldehydes, like 
trioxjnnethylene and paraldehyde, the cyclic ethers of the glycols and 
thioglycols, like ethylene oxide, diethylene dioxide, Methylene disul- 

♦ Nitrogen, mainly, in addition to carbon. The allotropic modifications of 
many elements are probably due to the formation of isocyclic rings — e,g,, that 
of oxygen in ozone, O,. 

t See BischofE, ** Handbuch der Stereochemie,*' p. 641. 

t Finally, rings are present in the salts of dicarbo^lic acids, sulphocarbonic 
acids, disulphonic acids, glycols, etc., containing bi- and polyvalent metals. 
Members are formed by ^e metal atoms. 

VOL. in. 
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phide ; ^tiecycUc (dkyleneimines,\ike tetrainethyleneiimne or pypolidine, 
diethylenediimine, or piperazine; ihecyclic esters ofoxy-andamino-acids, 
like the lactides, the lactones, the lactams ; the cyclic derivatives of dibasic 
carboxylic acids, like anhydrides, imides, adkylene esters, alkylenamides, 
etc. (see I. 497; ring-shaped compounds). These bodies attached 
themselves, as their names indicate, naturally to known classes of 
compounds with open chains. They can be readily obtained from 
substances with open chains, and be equally readily changed back 
into them. In the succeeding sections, however, a series of hetero- 
cyclic bodies will be described which manifest var3dng behaviour in 
so far that the rings upon which they are constructed cannot be 
resolved in a simple way. Such rings are rather nuclei to which 
side chains are attached, the products being related to the funda- 
mental substances in the same way as that in which the aromatic 
substances are related to benzene. Usually, these substances, like 
benzene, contain imsaturated linkages. 

It has, therefore, been assumed that in these rings, as in benzene, 
there is a particular kind of linkage — potential valences (see Vol. II, 
p. 42 and B. 24 , 1761). These explain the stability of these bodies. If 
the potential valences are destroyed by the addition of hydrogen or some 
such substance, then saturated bodies result; these possess the ‘‘ ali- 
cydic character '' (see Vol. II, p. 3), and so far as their decomposability 
is concerned, they in the main exhibit the character of the heterocydic 
substances discussed after the fatty bodies. A real fundamental 
difference, however, between the two rings just described does not 
exist. Compounds were studied in connection with the lactones and 
dibasic anhydrides which offered great resistance to decomposition by 
water absorption, etc. (see I. 310, 371, 374). On the other hand, there 
are many bodies in which potential linkages are assumed, which are 
very easUy decomposed by certain reagents — e,g,, pyrrole by hydroxyl- 
amine, 3delding succinaldehyde-dioxime (I. 355), and glyoxdine by 
benzoyl chloride and sodium, forming dibenzoyldiaminoethylene, etc. 

The heterocyclic rings containing five and six members are, like 
the analogous carbon rings, the most stable and important. They 
will be treated in this section. The tendency to the formation of six- 
membered rings is shown also in the processes of polymerization; 
formaldehyde, by the coalition of three molecules, becomes six-mem- 
bered trioxymethylene; acetaldehyde becomes the six-membered 
paraldehyde, and the cyanogen compounds polymerize to derivatives 
of a six-membered ring, consisting of 3C- and 3N-atoms, etc. (compare 
Vol. II., p. 40). Three- and four-membered rings are usually formed 
with extreme difficulty, and are easily tom asunder. The seven- 
membered rings are not well known, and are also imstable. In a few 
compounds heterocyclic rings of eight or more members have to be 
assumed. 

A theory of the type of A. von Baeyer's strain theory is made 
difficult by the varying nature of the hetero-atoms entering the ring. 
Certain facts can no doubt support some views regarding the spatial 
relations of many hetero-atoms. 

Thiophene, with a ring of four CH-grouM and one S-atom, very 
greatly resembles benzene, containix^ six CH-groups. Thiazole, con- 
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sisting of three CH-groups, one N-atom, and one S-atom, similarly 
resembles pyridine, which has five CH-groups and one N-atom. It 
would therefore seem that a sulphur atom is capable of replacing the 
bivalent group — CH =CH — in the ring: 


CH CH 



CU CH N N 


Benzene. Thiophen, Pyridine. Thiazole. 

It is an almost univetsal rule that an N-atom can replace a methine 
group in a. ring without causing any essential loosening of the ring- 
union. If we suppose a methine group in benzene to be replaced by 
N, the product will be pyridine, which is gbout as stable a ring as we 
have in benzene. And if the methine groups in p)rrrole be successively 
replaced by one, two, and three N-atoms, there also results a series 
of derivatives in which ring stability is very evident : 

CH=CH.. CH=N\ CH=N\ CH= N\ 

I >NH ' >NH I >NH I >NH. 

CH=CH^ 

Pyrrole. Pyrazole. Pyrrodiazole. Tetrazole. 

A general review of the many heterocyclic ring systems can be 
obtained from two points of view. Homologous series are obtained by 
arranging together the rings with similar hetero-atoms according to 
the increasing number of C-members. The following series of rings 
have been deduced in this way : 


(a) With an 0-member. 


;C— C-~CJ 


I o— C— C— C ; 


H,C CH, H,C— CH,— CH, H,C— CH,— CH,— CH, H,C-CH,-CH,-CH,~CH, 


Ethylene Oxide Trimethylene Oxide Tetramethylene Oxide Pcntamethylene Oxide 
— — H,C— CH,-^H,— CO H,C-CH,— CH,~CH,-CO 

Butyrolactone ^ ValeroUctone 

OC— CH,— CH,— CO 00— CH,— CH,— CH,-CO 

Succinic Anhydride Glutaric Anhydride 
HCc=CH— CHsqcCH HC = CH— CO— CH = CH 

Furfurane * Pyrone 
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(6) With an S>msmbsr. 


;C— C: 

\S/ 

:C— (5--C: 

iC— C~—C— -C j 


H.O-CH, 

\s/ 

[Ethylene sulphide] 

H,C^H,-~CH* 

H|C~CH,— CH,-^, 

H,C~CH,---CHg--<:iV-jC^ 

[Trimethylene sulphide] 

Tetramethylene sulphide 

1 

Pentameihylene sulphide 


— 

CO-iOHjjCH^CO 

Sulphosuccinyl 

.... 

■ 

■ 

CH-^-^H-CH 

Thiophene 

CH-CH— CH^-^(CH,)»C^H 
Methyl-penthiophene 


(c) With One N-member. 


:C— C; 

NN/ 

:C^C— C: 

XN/ 

:C— C— C— C: 

:C— C-^C-C: 

CH.— CH. 

Bthylene-imine 

CjH,— CJ^-^, 

CH,— -CHj— CH,— CH, 

CIJ^CH,~-CH^~CH,--^, 

Trimethylene-imine 

Tetramethylene-imine 

Pyrrolidine 

Pentamethylene-imine 

Piperidine 

- 

- 

CH,— CH^— CH,— CO 

CHj~^j— CH^CHj^O 



Butyrolactam 

Valerolactam 

oc—co 

\ WT4 / 

OC—CH.— CO 

I ^ 

Malonimide 
i (C. 1898 11 ., 858) 

OC-^j~CH^CO 

CO 

Oxal-imide (?) 

Succinimide 

CH-CH— CH-CH 
.NH — 

Glutarimide 

CH— CH^CH-^l^H 

i 


Pyrrole 

Pyridine 


Complication on account of isomerides arises in the case of rings 
having two hetero-atoms. These isomerides are occasioned by the 
varying positions of the hetero-atoms with reference to one another 
—e.g.: 

Rings with Two N -members. 


:c(| 

Hydrazi Compounds, 
Diazomethaue 

:C— N. 

1 1 
: C— 'N • 

Di meihy lazietbane 

✓C— N . 

:< 1 
^C — N . 

^ Pyrazole Group 

IC— C— N . 

1 ) 

; C— C N . 

Pyridazine Group 


. N— C; 


: c— li— c ; 


1 1 
: c— -N . 

• 1 

C : 

i i 

: c — C— N : 


Ethidene Urea, 
Dicyan-compounds 

Glyoxaline Group, 
Cyclic Ureas 

Pyrimidine Group, 
Cyclic Ureas 




; c — N — C : 

1 i 




1 1 

I c — N— c : 




Pyrazine Group. 
Diethylene-diimiae 
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Rings with an O- and an N*Member. 


•c/*? 

:C— 0 

yC — 0 
• C' 1 

:C — cf—O 

•Cv 1 
^N . 

. 1 1 
:C~N. 

^C — N 

1 i 

: C— C—N . 

0-Benzaldoxime tiher 

Betaine 

Isoxazole Group 

Orthoxazine Group 

— 

— 

^C—N. 

.C 0--C. 

: c — c — N . 



Oxazole Group 

Metoxazine Group, 
Pcntoxazoline 




c-~o — C 

1 1 




1 1 

C — ^N — C 




Paroxazine Group 


The three- and four-membered systems naturally disappear in the 
series of rings having three and four hetero-atoms. The branching of 
the series in consequence of position isomerides with the hetero-atoms 
becomes more frequent, so that the relations dependent upon homology 
frequently become obscure. In the monohetero-atomic rings also the 
homology usually appears solely in the case of the saturated (alicyclic) 
ring-systems, whereas the mpre important unsaturated systems, with 
more pronounced aromatic character, show at times very varying 
behaviour — e.g,, when in the homologous series with an N-member 
the group of the five-membered pyrrole comes into juxtaposition with 
that of the six-membered pyridine, although the representatives of 
these two groups manifest very great differences in their behaviour. 

Hence it is more practical to group the ring-systems according to 
the number of members composing the ring. In this manner only 
systems of rings of approximately like stability will come together, 
and they will, therefore, very probably yield similar derivatives. 
Hence to rings of three atoms will be added such as have four, five, 
six, etc., members. Each of these groups will have subdivisions in 
accordance with the number of hetero-atoms, so that, for example, in 
the group of five-membered heterocyclic rings there will be discussed 
first the monohetero-atomic, then the di-, tri-, and tetrahetero-atomic 
systems. This might be called grouping according to isologous series : 


Three-memberbd Heterocyclic Substances. 


:C C: 

N>/ 

Ethylene Oxide 

:C c: 

[Ethylene Sulphide] 

; c c : 

[Ethyicneimide] 

Oxalimide 

: c N. 

;C— — N. 

: c N. 


\s/ 


^•Benzaldoxime Ether 

Thialdolaniline 

Diazoniethnne, 

H y d razi-compoundt 
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Four-Membered Heterocyclic Substances. 


;C— ^C; 

\o/ 

Trimethyloie oxide 

! 

— C: 

\S/ 

Trimethylene-ixnine 

jC~-e~N. 

;C" -S— 'Ci 

iC— -6-— N, 

\o/ 

\s/ 

\N/ 

Betaine 

Dithio*acetone 

Dimethylazi-ethane 


;C«C^ 

:C— N-e; 


\S/ 

\N/ 


Thetin 

AUcylideneureas 

Dicyano Compounds (?) 


jC— N-~C t 
\S/ 

Alkylideno-^-thioureas 



For Five-mmbercd and Six-memhered Heterocyclic Substances, see pp, 7, 8. 


Just as indene, naphthalene, anthracene, etc., are derived from 
benzene, so numerous di- and polycyclic condensed nuclei are obtained 
from the heterocyclic rings that contain adjacent C-members. This 
is possible by the fact that the two adjacent C-members participate 
also in the formation of aromatic rings, like benzene, naphthalene, 
phenanthrene, etc. These condensed nuclei unite, as a rule, the 
properties of the carbocyclic with those of the heterocyclic ring. When 
definite names are not assigned them, as in the indol and quinoline 
groups, they are designated with the prefixes benzo- or phen-, dibenzo- 
or diphen,- naphtho-, etc., before the name of the heterocyclic ring. 

Quite frequently substances having such condensed nuclei have 
the heterocyclic ring ruptured, and are then changed to ortho-sub- 
stitution products of the carbon ring. Again, the heterocyclic ring 
shows itself more stable toward oxidizing agents, so that it is possible, 
by means of potassium permanganate, etc., to oxidize the condensed 
nuclei with destruction of the carbon ring and the production of ortho- 
dicarboxylic acids of the heterocyclic rings. Thus, acridine yields 
quinoline dicarboxylic acid, quinoline a pyridine-dicarboxylic acid, 
benzoglyoxaline a glyoxaline-dicarboxylic acid, benzotriazole a triazole- 
dicarboxylic acid, and phenazone a pyridine-tetracarboxylic acid, etc. 

Both the simple and condensed heterocyclic compounds have, as a 
rule, been made by the internal condensation of suitable fatty or fatty- 
aromatic bodies having open chains. Very often the intermediate 
products, leading directly to the ring, cannot be isolated because of their 
great inclination to the ring formation; ortho-substitution products of 
benzene and naphthalene (Vol. II.) are especially well adapted for 
the production of condensed heterocyclic nuclei. They have afforded 
the starting-out material for the preparation of an immense number 
of substances belongmg in this group.* 

Many heterocyclic bodies dso occur in technical and natural 
products. The large and important family of vegetable alkaloids 
belongs in the group of pyridine and the hydrop3rridines. Pyridines 
and pyrroles occur in coal-tar and bone-tar. Thiophene and coumarone 

♦ Compare Kfihling, " Stickstoffhaltige Orthocondensationsproducte,*' 1893. 
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Fivs-mbmbbrsd Hbtbrocyclic Substancbs. 


Fuffurane, 
y-Lactones, Succinic 
Anhydride 




Thiopheniy 

Sulphosuccinyl 


: c — C-*C — C : 
Selenophene 


: r— C — C— C : 
Py^ol, 

V>Lactanis, Succinimide 


;C— c- 


UoxatoU Group 


Cyclic Ethers and 
Esters of Glycol, Alde- 
hyde, Carbonic Acid, 
and Oxalic Acid 


• C—O— C— N. 

Isobenaothiazole 
jC— C— S — C s 


Ethidene -ethylene 
Disulphide 


:c- 


-N — c: 


Ox azole Group 


Thiazole Group 


: c — c — N — C : 
Selenazole Group 


. o-c— N— N 

Diazo-oxides 


C— -N. 


Furazane Group 


; C — N — C— "N . 
Azoximes 


:C— N— N— -CJ 
OxybUutoU Group 


:C--C— N— N 
Diazosulphidet 


Piazthioles 

; c— N— C— N . 
Azosulphimes 

: c— N— N — C : 
Thiobiazole Group 


; c — c— N— -N 


Diazoselenide 


. N — C- 


Piaselenoles 


t C — c— C— N. 
Pyratole Group 


t C — C— N — c : 

Glyoxaline Group, 
Cyclic Ureas 


: c~C— -N—N 

OsotriazoU Group, 


; c — N — N — C : 
Trituole Group 


. N— C— N— N . 
Triazsulpholes 


: c — N — N — N . 

Tetrazole Group 


are also present in coal-tar. Furfural and other derivatives of 
furan have been found in the tar from wood. The important vege- 
table dye, indigo, and its allied bodies, are derivatives of indole. Many 
heterocydic bodies prepared S3mthetically have been manufactured 
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SiX-MEMBEKED HeTEEOCVCLIC SUBSTANCES. 


: C-^C— c--~>c-»c ! 


Pentamethylene Oxide, 
fi-Lactonea. Glutaric Acid An- 
hydride. Pyrone Group. 


Carboxyl-oxime Anhydrides 


Penikiophfne Group 


Pentamethylene-imide (Piperi- 
dine). fi-Lactams, Glutarimide. 
Pyridtn Group. 



. c— C-- C— C— N , 


Pyridazin Group 


Cyclic Ethers and Esters of 
Trimethylcne Glycol.Aldchyde, 
Carbonic Acid, Malonic Acid, 
etc. 


— c— C— N — C : 




C— C — C— N-^C ! 


f^rtmidin Group 


Pentoxaiolin Group 


Penihiazoltne Group 


; c — c—O— C — C : 


: c— c— S— C--C X 


Diethylene Oxide, Cyclic Anhy- Diethylene Disulphide 


• *-C— c • 


Paroxazin Group 


; c— C-— S— C— C ! 


Thio-di^lircollic Anhydride 


: c— C— N — C— C : 


Parathiaztn Group 



Azoxazin Derivatives 


: C— C— C — N— N . 


Osotriazine Derivatives 


Beozenylamidoxime Acetic 
Anhydride 

* C— —O—— C— O ■ " c • 


. Diazsthin Derivatives 


;C— N— C— C— K. 


Unsym.-7Wozi»i/ Group 


; c— N— C-~N— C : 


Polymeric Aldehyde 


Trithioaldebyde 


I Polymeric Cyanogen Compounds, 
I Cyanidine Group 


. N— N— C— C— N . 


OsoUirazenzSt Phenttii^azinei 


I c— N— N— C— N , 


TetrazineGxoyxp 









THREE-MEMBERED HETEROCYCLIC COMPOUNDS 9 

upon a technical scale, because of their colouring and therapeutic 
properties. This is true of the dyes of the paroxazine, parathiazine, and 
paradiazine series — e.g,, resorufin^ methylene blue, toluylene red, saf ra- 
nine, etc. ; the dyes of the thiazole group, and also of the important 
febrifuges, like antipyrine, salipyrine, tolypyrine, belonging to the 
p3n'azole-group, and piperazine or hexa-hydropyrazine, etc. 


I. THREE-MEMBERED HETEROCYCLIC COMPOUNDS. 

As a rule, bodies of this class manifest " ring-strain '' to a greater 
degree than the carbocyclic substances of the trimethylene series. 
That is, they are inclined, in consequence of a rupture of the ring, to 
take on additional atoms or atom groups. Hence, they are produced 
only under the most favourable conditions, and mfiny compounds 
which formerly were regarded as based upon three-membered hetero- 
cyclic rings have, as a result of more recent study and investigation, 
had their formulae doubled, or have been discovered to be still higher 
steps in pol5mierization (compare ethyleneimine, glycolide, etc.). 


A. MONOHETERO-ATOMIC THREE-MEMBERED RINGS. 

H 

[d) Having an 0 -member: Ethylene oxide, 


HX‘ 




The method 


of preparing this compound and its properties have already been 
described in connection with glycol of the aliphatic series. It exhibits 
a great inclination toward a rupture of the ring. This is shown by the 
fact that it precipitates the hydroxides from solutions of the metals 
with the simultaneous formation of glycolacidylhydrins. The same 
tendency is observed with the substituted ethylene oxides, like ieira- 
methylethylene oxide, iheglycide derivatives, condensed nuclei containing 
the ring of ethylene oxide — e.g., tetrahydronaphthylene oxide and 
diketotetrahydronaphthylene oxide (Vol. II, p. 686), etc. 

HgCv 

(6) Having an S-member: Ethylene sulphide, i /S, correspond- 

H2C 

ing to ethylene oxide, is apparently not capable of existing. It is 
usually its polymerides which are obtained: (CgH^S) x and {C2H4S)2 

CeHjCy 

diethylene disulphide; compare tolane sulphide, 11/ S. See also 

C^HgC 

the addition products of sulphur with ethylene and acetylene deriva- 
tives (B. 28 , 1635: 80 , no). 

(c) Having an N-member: Ethylene imine, I/NH, also appears 

H jC 

unstable. Ethylenediamine hydrochloride and others rather yield 
the six-membered ring of piperazine. It is assumed that oxalimide, 

COv 

I /N^ (I. 483), as well as the lactimides^ e.g,, benzoyl-amino- 

C,H,CH:Cv 

cinnamic acid lactimide, 1 /NCOCeHj contain a three- 

membered ring consisting of two C-atoms and one N-atom. 
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B. DIHETERO-ATOMIC THREE-MEMBERED RINGS. 


Rings, consisting of C, N, and O, are assumed to be present in the 
nitrogen ethers of some of the aldoximes — e.g,, the N-alkyl benaal- 
RN V 

dozimes, I /O, which are resolved by acids into benzaldehyde 

and iV-alkylhydroxylamines. The same ring occurs in different poly- 
cyclic substances — e,g,, the isatogen compounds, such as isatogenio 
.CO— C.COOH 

add, , and in the products obtained by reducing acy- 


lated o-nitranilines with ammonium sulphide — e.g,, 


NH-^CHg 


✓JN£1 


(see benziminazole), etc. Compare also anthranil and anthroxan 

aldehydes. Methyl aathranil, phenyl anthranil, 

anthroxan aldehyde, and anthrozanic add ; compare also fnrozw. 
Thialdolaniline, CeHjN — OH— CH(OH).CH,, contains a ring consisting 


of C, N, and S. The same may be observed of similarly formed 
compounds (see Us^be's green, Vol. II. 588). 

Hydrazi- and Azimethylene-group : Substances consisting of two 
N- and one C-atom are much better known. The hydrazi-derivatives 
belong in this class. They are obtained from the h5TX)thetical hydrazi- 

methylene, (Curtius, J. pr. Ch. [2], 44 , 169, 554). They are 

produced in the action of hydrazine upon o-diketones and a-ketone 
carboxylic esters (I. 328) — e,g,, benzil, diacetyl, pyroracemic 

ester; 

yNH 

Benzoyl-phenyl-hydrazimethylene, c,Hj.co.C(CeH5)<r | , melts 

NH 

with decomposition at 151°, and diphenyl-dihydrazimethylene, 

HN\ .NH 

melts at 147®. Carboxylic acids of this 

result from the reduction of esters of the diazo-fatty acids: 

HN\ 

Hydnusiaoetio add, I Xh.cooh (i. 405), and hydrad- 

HN 

HNv' 

propionic methyl ester, l^{CHg).C00CH8, melting at 82®. The 

HN\ 

potassiiun salt of a snlpho-hydraziaoetio ester, ' 

has been made by the action of potassium sulphite upon diazoacetic 
ester (B. 28 , 1848). 

The hydrazo-compounds are readily changed by oxidation to the 
azo-derivatives containing two atoms less of hy(kogen. 

The diazo-compounds of the aliphatic series are obtained from 
azimethylene or diazomethane. The latter is produced when nitroso- 
methyiurethane is digested with methyl alcoholic potash. Compare 
Vol. I. 213 for its properties. It also results from the reduction of 
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methyl nitramine ( 1 . 169; B. 29 , 961), and from the action of hydroxyl- 
amine upon methylchloramine (I. 169; B. 28 , 1682). 

IHan>-aoetie ester (I. 402), dias^roi^oiidc ester (I. 410), diaeo- 

. snodnic ester (I. 567), and diaeomethane disolvhonio addi 

(I. 454), are derivatives of diazomethane. 

Aromatic derivatives are ; Phenyl-diaao-methane, diazo-aoeto- 
phenone, adbenzO, and azo-oamphor. Compare also diazo-inddes, 
diazo-indazdes, and diazotetrazoles. 


2. FOUR-MEMBERED HETEROCYCLIC SUBSTANCES. 


A. MONOHETERO-ATOMIC FOUR-MEMBERED RINGS. 


Trimethylene oxide, CH,<^y*>0 (I. 318), is a homologue of ethylene 
oxide. Its properties are not well known. , The internal anhydrides of 
certain aromatic ^-hydroxycarboxylic acids, ^-lactones of the common 
;C — CO 


formula ! | , also belong in this class. Compare also dimethyl 

* C ““ o 

malic acid lactone, Vol. I. 


Trimethylene iminep ch,<^^*>nh, corresponding to trimethylene 

oxide, is produced, together with i8“methylp3rridine, on heating tri- 
methylenediamine hydrochloride. 


B. DIHETERO-ATOMIC FOUR-MEMBERED RINGS. 

I. The most important bodies containing four-membered rings 
with two adjacent hetero-atoms are the cyclic salts, showing a structure 
analogous to that of betiwep therefore grouped under the name 
betaines. All carboxylic acids form betaines if they contain in the 
a-position a group similar to ammonium hydroxide. Just as tri- 
methylglycocoU hydrochloride, C1N(CH3)3.CH2.C00H, yields betaine, 

(CHj)jN — CHi 

I I , so pyxidine-chloracetic acid, C1N(C5H5)CH2.C00H, 
° (C,H,)N — CH, 

forms pyridine-betidne, I I (9.V.); triphenylphosphine- 

O — CO 

chloracetic acid, ClPlC.Hgl.CHXOOH, triphmiylphosphortietaine, 

{C,H,),P — CH, 

I I (B. 27 , 273), and methyl-ethyl sulphide-bromacetic acid, 
O Co 

BrS(CH,)CHj.COOH, yields methyl ethyl thiodefatne, methyl ethyl 
„ (CH,)(C,H.)S- — 

thetine, I 

N=C(CH,) 

Dimethylazieihane, ^ mixing equimolecular 

quantities of hydrazine hy^ate and diacetyl, and probably also 
hydraznlmine and azolmio add, formed by the interaction of ammonia 
and cyanogen, contain four-membered rings with two adjacent 
N-atoms. 
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2. The cyclic alkylidene-, carhonyU, and thio-carhonyUureas, -thio- 
ureas, and -yp-thioureas, contain rings with alternating C- and hetero- 
atoms: 

Methylene iirea» co >ch«, and methylenethioarea» 

are obtained, by the action of chlormethyl alcohol upon urea and 
thiourea (M. 12, 90); ethylidenenrea and -thiourea are similarly 
formed from acetaldehyde; methylene-diphenyl - f - thiourea, 

CeHjN : diphenyl thiourea and CH2I2 (Vol. II. 

p. 102) ; carbonyl-thiocarbanilide, CeHjN : c >co, melting at 87°, 

from diphenylthiourea and COCI2, as well as by desulphurizing thiocar- 
bonylthiocarbanilide, c.Hg.N : c<^"^^^>cs, melting at 79°, which 
results from the interaction of CSClg and diphenylurea (B. 26, 1459). 


3. FIVE - MEMBERED HETEROCYCLIC SUBSTANCES. 
A. MONOHETERO-ATOMIC FIVE-MEMBERED RINGS. 


Furan (Furfurane),'*' Thiophen (Selenophen), P5UTole.t 

The members of the furan, thiophen, and pyrrole group contain 
five-membered monohetero-atomic rings. They form a closely allied 
family from the standpoint of methods of formation and chemical 
behaviour. The parent compounds of these groups contain, in the 
ordinary sense of the term, a chain of four CH : groups, which is closed 
as a ring by 0 : , S : or NH : 


CH=CH\ 

I /O 

CH^Cff 

Furan. 



Thiophen. 


CH=CH> 
in =CH'' 

Pyrrole. 




NH 


The parent bodies and their numerous derivatives, especially the 
thiophens, manifest a great and, in the latter instance, a very remark- 
able similarity to benzene and its compounds, inasmuch as many of 
them show the reactions peculiar to benzene derivatives in contra- 
distinction to the fatty substances. 

The production of blue- violet and violet-red dyes in the action of 
isatin and phenanthraquinone with sulphuric acid upon furan, 
pyrrole, and thiophen compounds is particidarly noteworthy. 

The common methods of forming furan, thiophen, and pyrrole 
derivatives from y-diketo-compounds have frequently been mentioned 
after the description of the latter bodies: 

Furans result by the elimination of water from the y-diketones ; 

Phosphorus sulphide (P2S5) converts y-diketones into thiophens. 


CH=CH. 

* The compound J is called furan, the name furjuryl representing 

the group C4H,0*CH2, while C4HgO — is called furyl. 

t Compare C. " Furfuran, Thiophen, und Pyxrolsynthesen/* Wtirz- 

burg, 1890. 
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P3nToles are produced by the action of ammonia or primary amines 
upon y-diketones: 


CH,— COCH, ,-CH=C(OH)CH,-| 

1 ^ I I 

CH,— COCH, '-CH=C(OH)CH,-' 

Acetonylacetoue. {Enol fonn ) 


CH=C CH, 

Dimethylpyrrole. 

Here the y-diketones react as unsaturated aS-glycols. The 
furans, the thiophens, and pyrroles may be considered as the cyclic 
anhydrides, sulphides, and imines of the latter. Furans, thiophens, 
and pyrroles are also obtained by distilling mucic and isosaccharic 
acids alone or with BaS, and in the distillation of their ammo- 
nium salts. 

These syntheses harmonize with the accepted structural formulas 
for furan, pyrrole, and thiophen. 

The peculiar aromatic character of these compounds is intelligible 
if Thiele’s views of the benzene nucleus are transWred to the present 
ring systems, with the assumption that in the three five-membered 
rings the sulphur, nitrogen, or oxygen atom can to some extent 
assume the character of a double link by an exercise of its higher 

C — C . 

valency (B. 87 , 4254; C. 1905, II. 1797). On formulae like 


-H20 


PaS, 


NH3 


CH=C- 


-CH. 


Dftnethylfuran. 

CH=C CH, 

I >s 

CH=C CH, 

Dimethylthiophen. 

CH=C CH, 

I >NH 


and >NH. see B. 24 , 1347, I 75 ®- On desmotropic formulae of 

c — c 

pyrrole see below. 

To distinguish the possible isomerides, the replaceable hydrogen 
atoms of the methine groups in furan, thiophen, and pyrrole are 
designated by numbers or letters, as with benzene: 


CH = 



The positions 2 and 5 are equal in value; als» 3 and 4. The first 
are also termed a-, the latter )8-positions. It is obvious that the mono- 
derivatives of furan, thiophen, auid pyrrole cam exist in two isomeric 
forms (a-derivatives and jS-derivatives). 

The C-disubstitution products occur in fqur forms, as aa-, a/J-, 
and Pfi-, derivatives. 
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X. THE FURAN GROUP. 

Furan (Furforane), C4H4O, boiling at 32®, was first obtained by 
distilling barium pyromucate (p. 18) (Limpricht, 1870; C. 1897, II. 
268): (C4H30.C02H = C4H40*f CO^. It is present in the distillation 
products of pine wood. It is a liquid insoluble in water, and has a 
peculiar odour. 

By conducting its vapours with hydrogen over finely divided 
nickel heated to 170®, it is reduced to tetrahydrofuran or tetra- 
methylene oxide (C. 1908, I. 1630). With isatin and phenanthrene 
quinone it forms dyes. It. reacts very violently with hydrochloric- 
acid, and forms a brown amorphous substance (like pyrrole red, p. 28). 
A pine shaving moistened with hydrochloric acid assumes a green colour 
when brought in contact with the vapours of furan. 

By means of methyl alcoholic HCl, furan can be split up to 
form the tetramethylacetal of succindialdehyde (Ch. Ztg., 1900, 857). 

Brom(V-fiiran can be obtained from brom-pyromucic acids, or 
by the direct action of bromine upon furan. Addition products 
result from an excess of bromine. 

Di-iodo-furan, m.p. 47®, from the K salt of dehydromucic acid 
with iodine at 100® (Am. Ch. J., 26 , 439). 

/?(?)-Nitro-furan, m.p. 28®, volatile with steam, is formed by 
nitrating furan with fuming HNO3 in acetic anhydride. An 
aldehyde (nitro-succin-aldehyde ?) seems to be formed as an inter- 
mediate product (C. 1902, I. 1106). A dinitro-foran, m.p. loi®, is 
formed by nitrifying nitrofuran or nitropyromucic acid. 

a-Amino-foran has been obtained in the form of its urethanes 
from p5n'omucic azide by boiling with alcohols; also fS-axmno^ 
furan in the form of its acetyl derivative, m.p. 112®, from acetamino- 
pyromucic acid by splitting off COg. The free amines could not be 
obtained from these derivatives, since on saponification they split off 
NH3 (J. pr. Ch, [2], 66, 38; C. 1903, IL 292). 

Me^lturan, C4H3(CH3)0, is in all probability sylvane, which 
occurs in pine-tar oil. It boils at 63® (B. 18 , 879). 

It can also be obtained from creosote from beechwood tar. On 
splitting up with HCl it yields laevulinaldehyde, CHgCOCH^CH^CHO 

(B. 81, 37). 

a^a^-Diniettaylfaran, is formed by the distillation 

of carbopyrotritartaric acid, and has been synthesized from acetonyl 
acetone upon heating it with ZnClj or P2O5. It boils at 94®. 

It regenerates acetonylacetone when it is heated with dilute hydro- 
chloric acid to 170®. 

a,a^-Phenyl -< methylforan, CeH6.C4H2(CH3)0, is produced from 
acetophenoneacetone (B. 17 , 913 and 2759). It melts at 42® and boils 
at 235®-24o® C. Sodium and alcohol convert it into a tetrahydro- 
compound. 

Diphenylfuran, melting at 91®, is obtained from diphenacyl 
(B. 28 , R. 743; 28 , 1447). Triphraylfuran, melting at 93®, is 
formed froin desylacetophenone (B* 21, 2933; 26 , 61). TetraphenyU 
turan, Lepidene (B. 22 , 2880), melting at 175®, is produced, 
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together with benzil, when benzoin is heated with hydrochloric acid 
to 130®. 

The acetate of a ^-hydroiy-tiiplienylliiran, m.p. 135®, is obtained 
from dibenzoyl styrene with acetic-sulphuric acid (B. 81, 1248). The 
so-called oarlina oxide, obtained from the ethereal oD of Carlina 
acaulis, m.p. 167®, is perhaps i-phenyl-3,a-furylallene (B. 42, 2355). 

FurihiroHStilbene, C4H3O — CH=CH — C4H3O, melting at loi®, is 
the stilbene of the furan series. It results upon heating polymeric 
thiofurfural (B. 24, 3591). 

Forfuryl alcohol, C4H3O.CH2OH, is a colourless s5nTip, which is 
coloured green by hydrochloric acid. It results from the action of 
sodium amalgam and acetic acid upon the aldehyde furfurol, but more 
easily by treatment with aqueous caustic potash (B. 19, 2154). Fur- 
furane carboxylic acid is produced at the same time (2C4H3O.CHO f 
H20=C4H30.CH29H + C4H30.C02H) (B. 19, 2154). 

Furfur alcohol is found in considerable quantities in the coffee oil 
of roasted coffee; diphenyl carbaminic ester, G4Ho0[CH20C0N(CflHr)2], 
m.p. 98® (B. 85, 1846, 1855). 

Purfuryl methyl ether, (C4H30)XH2.0.CH3, boils at I34®~i36® 
(B. 26, R. 239). 

Fnifurylamine, C4H3O.CH2.NH2, boiling at 146®, results in the 
reduction of furfuronitrile and furfurol hydrazone (see below). 

n-Propyl-a-tnrforyl carbinol (C4H30)CH(0H).C3H7, b.p.12 93°, 

' form furfurol and propyl magnesium bromide (C. 1910, 1. 450) ; several 
tertiary a-furfuryl c^binols and aa'-furfuryl dicarbinols have been 
obtained by the action of alkyl magnesium haloids upon pyromucic 
esters and dehydro-mucic ester (C. 1906, I. 851). 

Furfural* (Fuifuraldehyde), C5H403~C4H30.CH0, boiling at 162®, 
with the sp. gr. 1.163, is the aldehyde of pyromucic acid, and is produced 
in the distillation of bran {furfur, Fownes, 1849), or of sugar (D6ber- 
einer, 1831), and wood, as well as most carbohydrates and glucosides, 
^th dilute sulphuric acid. When present in even the merest traces 
it can be detected by the red coloration given by aniline or xylidine 

(B. 20,541).. 

Furfural is produced quantitatively when pentoses like arabinose, 
etc., are distilled with hydrochloric acid. Various analytical methods 
for the estimation of the pentoses are based on this fact (B. 28, R. 629). 
Glycuronic acid, when heated with hydrochloric acid, brea^ down 
into furfural, water, and CO2 (B. 29, R. 280). 

Furfural is a colourless liquid with an aromatic odour. It is fairly 
soluble in water and very soluble in alcohol. It becomes brown on 
exposure to the air, and shows all the properties of an aldehyde. It 
combines with bisulphites, passes into furfuryl alcohol under the 
influence of sodium amalgam, and is changed to pyromucic acid by 
silver oxide, and to the alcohol and acid through the action of caustic 
potash. 

By the oxidation of furfurol with hydrogen peroxide or Caro's acid 
we obtain Qxytazturals, C4H20(0H){CH0), which give characteristic 
colour reactions with phenols (B. 88, 3132). It yields litrfiizaldmdme 
with hydroxylamine; this melts at 89® and boils at 205®. It unites 

• This is often called furfurol, but this name is better avoided, as it impUes 
the presence of a hydroxy group. 
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similarly with phenylhydrazine, forming a hydrazone, melting at 96®, 
With orthoformic ester it yields the acetal, C4H30.CH(0C2H5)2, boiling 
at 187® to 190® (B. 29 , 1008). 

Furthermore, furfural manifests all the condensation reactions of 
benzaldehyde (see below), (i) It combines with dimethylaniline to 
form a green dye-stuff, corresponding to malachite green. (2) It con- 
denses with aldehydes and ketones of the fatty series to furfurane 
aldehydes and ketones with xmsaturated side-chains. This reaction 
occurs quite readily on digesting with dilute caustic soda (B. 18 , 2342). 
Thus, with acetaldehyde it forms forfur-acrolein, C4H3O.CH : CH.- 
CHO, melting at 51°; with acetone, hirfar-acetone, C4H3OXH:- 
CH.CO.CH3; with acetophenone, furfural-mono- and diacetophenone, 
and difurfural triacetophenone (B. 29 , 2248). (3) Just as potassium 
cyanide in alcohohc solution changes benzaldehyde to benzoin, so it 
converts furfurol into furoin, Cj3Hg04, melting at 135®; 2C4H3O.- 
CH 0 = C4H30.CH(0H).C0.C4H30. This is in every way similar to 
benzoin. Furoin is oxidized in ^kaline solution by the oxygen of the 
air to furil, C4H3OXO.CO.C4H3O. This corresponds to benzil. 
Tin and hydrochloric acid reduce it to desoxyfuroin, (C4H30)CH2.- 
C0(C4H30) (B. 28 , R. 992). Furil digested with caustic potash 
becomes furiUc adi (C4H30)2C(0H)C00H, analogous to benzilic acid. 
Compare B. 25 , 2843, for the condensation products of furoin with 
o-diamines. 

Furfurane adds, with unsaturated side-chains, are produced, in 
the condensation of furfural and fatty acids, on heating it with the 
anhydrides and sodium salts of the fatty acids. This is analogous to 
the formation of cinnamic acid from benzaldehyde. Furyl-acryUc acid 
results on heating furfurane with acetic anhydride and sodium acetate: 


C4H30.CH0+CH,.C0aNa=C4H80.CH : CH.COjNa +H,0. 


Furyl-acrylic Add, C7H3O3, melting at 141®, is also formed from 
furfur-malonic acid, the condensation product of furfurol and malonic 
ester (B. 24 , 143; 27 , 283). Furyl-acrylic acid, like cinnamic acid, 
occurs in a stereoisomeric modification (B. 28 , 129). The acid, when 
heated with hydrochloric acid, has its ring decomposed, and acetone 
diacetic acid results. Sodium amalgam converts it into 

Fi]^l-propionio Add (i), C4H3OXH2.CH2.CO2H, melting at 51®. 
Bromine-water disrupts the furfurane ring in this compound, and the 
product is furon-aldehyde (2), which can be gradually converted step 
by step into furonic acid (3), hydrofuronic acid, or, y-ketopimelic 
acid (4) and pimelic acid (5) : 




ca =cH 
I >0 


(2) 

CH.CHO 


(3) 


CH =C— CH, .CH, .COOH CH .CO .CH, .CH, .COOH V CH .COOH 

(5) (4) / « 

CH,.COOH 

I < 1 

CHa . CHa . CHa . CHj . COOH CH, . CO . CH, . CH, . COOH 


•COOH CH,.COOH /cH.CO.CH,.CH,.COOH 


This conversion of furfural into «-pimelic acid proves that the 
aldehyde group is in the a-position. 
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Poryl-a^eUc Add. C4H3O . CH : qCHg . CH3) . COOH, from furfural 
and butyric acid, melts at 88®, and passes into the corresponding 
Foryl-valeric Add under the influence of sodium amalgam. 

Furfural condenses with laevulinic acid, depending upon whether 
alkaline or acid solvents are employed, either to 6- or ^S-Purfur- 
tovulinic Add, C4H3O . CH : CH . CO . • CH^ . COOH, or C4H3O . CH 

C(CO . CH3) . CHgCOOH. The latter changes readily with benzene ting 
formation into hydroxyacetocoumarone (p. 40). 

From furfural and succinic acid the following have been obtained 
under different conditions: 

Furfursuccinic add, (C4H30)CH:C(C02H).CH2C02H; dihirfursuc- 
cinic add, (C4H30)CH : C(C02H).C(C02H) : CH(C4H30); and dilurlur 
propionic add, (C4H30)CH : CHX(C02H) : CH(C4H30) (B. 34, 1626; 
C. 1904, I. Q25). 

Hydroturfuramide, (C5H40)3N2, melting at 117®, results from the 
action of aqueous ammonia upon furfurad (as hydrobenzamide from 
benzaldehyde ; q.v). 

Boiling water decomposes it into furfural and ammonia. If boiled 
with KOH it undergoes a transposition into the isomeric base, Furfurin, 
melting at 116° (compare glyoxalines). 

By the action of primary aromatic amines and their salts upon 
furfural, the furfurane ring is broken up, and strongly coloured 
arylamine derivatives of /5-oxyglutaconic aldehyde are formed. Their 
hydrochlorides, on boiling with alcohol, split off i mol. arylamine and 
pass into N-aryl-/3-oxy-p)nidinium salts (B. 38, 4112): 

CH : C— CHO CH : C(OH) .CH : NCeHj.HCl CH : C(OH) .CH 

I >0 > >1 II 

CH : CH CH : CH .NHCeH^ CH : CH ^N(CeH5)Cl. 

a^Methyl furfural, C4H2(CH3)O.CHO, boiling at 184^-186®, occurs 
together with furfural in wood oil (B. 22, 608). It is also present in 
the product obtained by distilling varec with sulphuric acid. When 
rhamnose (I. 619) is distilled with sulphuric acid, it results, just as 
furfural is obtained from arabinose (B. 22, R. 752). 

(o-Oxy-a-metl^lfurfural, (C4H20)(CH20H)CH0, b.p.^ 70®, is formed 
in the dry distillation of celliflose, and on heating hexoses with 
aqueous oxalic acid under pressure. The corresponding halogen 
hydride esters, chloro- and bromo - methylfurfuial, m.p. 60®, are 
obtained by the action of HCl and HBr upon ketoses or cellulose 

(B. 43, 2795). 

Ketones of the Furfurane Series, — a-AcetyUfuran, C4H30(C0CH3), 
33^ b.p.13 67®, is found in wood-tar, apd is obtained syn- 
tl^tically by the splitting up of furoyl acetic ester, C4H3O.CO.CH2- 
COjjCgHg, b.p.13 143°, the condensation product of pyromucic ester 
ai^ acetic ester (C. 1898, I. 327; B. 38, 492; C. 1911, I. 81). 
a-Puryl-acetone, (C4H30)CH2C0CH3, bp. 180® (C. 1906, I. 669). a- 
Benzoyl-fur^ C4H30(C0C3H5), b.p.^g 164®, is obtained from p3nro- 
mucic chloride, benzene, and AICI3 (C. 1900, I. 299). oa^-Dibenzoyl 
m.p. 107®, from dehydro-mucic chloride with benzene and 
^Clg. oax-Phanyl-methyl-^-aoetyl-turan, m.p. 57®, from phenacyl- 
diacetyl-methane (C. 1902, I. 1164). 

VOL. in, ' ^ ' -t; 
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Carboxylic Acids of Furfur ane, — ^Fa]W<<i-carlK)iiy]ic Add (com- 
pare C. 1897, II. 268), C4H3O.CO2H, pyromucic acid, melting at 134° 
with sublimation, is obtained by the oxidation of furfural, and in the 
distillation of mucic and isosaccharic acids (Vol. I.); it therefore 
contains the carboxyl group in the a-position. 

History, — Scheele, in 1780, observed p3nromucic acid as a product 
of the distillation of mucic acid. Pelouze { 1834) determined its com- 
position, and V. Baeyer established its constitutional formula. 

Its ethyl ester, C4H3O.CO2.C2H5, melts at 34° and boils at 210® C. 
Its chloride, C4H3O.COCI, boils at 170®. Ammonia converts this into 
an amide, C4H3O.CO.NH2, which is changed into pyromuconitrile, 
C4H3O.CN, by PCI3. The nitrile can also be obtained from furfural- 
doxime by the exit of water. See C. 1897, I. 1024, for the hydrazide, 
azide, etc. 

Bromine vapour converts p5^omucic acid into a tetrahromide, 
C4H30Br4.C02H, which is oxidized to dibromsuccinic acid by chromic 
acid. Fumaric acid results on evaporating pyromucic acid with 
bromine water. An excess of bromine or chlorine water produces 
mucobromic acid and mucochloric acid (I, 402). 

a-Brom-pyromudc Acid, C4H2Br0.C02H, is fomed by heating the 
tetrabromide, and by brominating p5n*omucic acid in glacial acetic acid 
solution. It melts at 184® (B. 19 , R. 241). /^-Brompyromudc Add, 
from the two dibrompyromucic acids and zinc, melts at 129® (B. 17 , 

^ 759 )- . ^ , 

Nitrop^omudcAdd, C4H2(N02)0.C02H, meltmg at 183®, is foimed 
by nitrating furan-dicarboxylic acid and by oxidizing w-nitrovinyl- 
nitrofuran (B. 18 , 1362). 

Its ethyl ester, on reduction with A1 amalgam, gives amino-pyro- 
mude ester, C4H20(NHa)C02C2H5. Its acetyl derivative is saponified 
by potash to acetamino-pyromucic acid (C. 1902, II. 1097; 1903, 
II. 292). 

a,a^-Furan dicarboxylic Add, C4H20(C02H)2, dehydromucic acid, is 
produced by heating mucic acid to 100® with hydrochloric acid. It 
dissolves with difficSty in water, and when heated breaks down into 
carbon dioxide and p3Tomucic acid. The esters are all solid, and show 
interesting melting-point regularities: Dimethyl ester, m.p. 112®, 
b.p.16 155®; diethyl ester, m.p. 47®; chloride, m.p. 80®. 

apy-Fnim dicarboxylic a^ m.p. 266®, dimethyl ester, m.p. no®, 
is formed from bromo-cumalinic ester with potash (B. 84 , 1992) : 

CH— O— CO JCOH_ CH— O—CCOOH 

COjR.C— CH =CBr ^ CO,H ,C CH 

Homologous furan-carhoxyUc acids can be obtained synthetically 
from y-diketone carboxylic esters by the removal of water. 

Methylpyromndc Add, CJl2(CH^)0.C001i, melting at 109®, 
obtained from methyl furfural by oxidation; its chloride, m.p. 28®, 
b.p. 202®, gives on bromination a dibromo-substitution product, which 
on treatment with water gives aldehydo-pjTOmudc add, C4H2O- 
{COOH)(CHO) -f HgO, m.p. 202®, which oxidizes to dehydromucic 
acid (C. 1898, 1 . 933). 
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CO2H (B. 20 , 1074), UTinic Add, melting at 135® C., may be ob- 
tained (i) from acetonylacetoacetic ester ; (2) from carbopyrotri- 
taric acid and from methronic acid by the splitting-off of carbon 
dioxide; (3) from tartaric acid by distillation; (4) from pyroracemic 
acid by protracted boiling with baryta-water or sodium acetate, etc. 

When heated to 150^-160® with steam it breaks up into carbon 
dioxide and acetonylacetone. Rapidly distilled, it decomposes into 
carbon dioxide and dimethylfuran. 

a./^^-Dimethylfuran-^-carboxylic Add, melting at 122®, is iso- 
meric with p5n*otritaric acid. It is formed (1) from bromisode- 
hydracetic acid instead of the expected a^i-dimethyl-/ 3 aj-furfurane 
dicarboxylic acid; (2) by the condensation of acetoacetic ester with 
chloracetone; (3) from )3-metliyl4iiran--a.acetic-^--carboxylic add, m.p. 
196®, by elimination of COg (B. 35 , 1545). 

a,ai-Methylphenylfiiran-/?-carb^ Add, C4H(CH3)(CeH6)0 . COgH, 
from acetophenone-acetoacetic ester, melts at 181°, and when heated 
breaks down into COg and methylphenylfuran (B. 17 , 2764). 

a,a^-Dimethylfiiran-/3,3^-dicarboxyUc Add, C4(CH3)20(C02H)2, carbo- 
pyrotritaric add, melting at 261®, results upon boiling diacet- 
succinic ester with dilute sulphuric acid (Knorr, B. 17 , 2864; 22 , 146). 
Carbopyrotri tartaric acid at higher temperatures breaks up into carbon 
dioxide and p3n*otri tartaric acid. ' 

Methronic add, a. methylfaran-a^-aceto-/?- carboxylic add, 
QHgOg, m.p. 204®, is isomeric with carbopyrotritaric acid, and 
also yields on splitting off COg p5n:otritaric acid. It is formed 
(i) from acetoacetic ester and Na succinate in the presence 'of 
acetic anhydride (B. 18 , 3410), which may be formulated as follows 
(B. 89 , 2129): 

COaH .CHj + CO(CH,)CHjCO,R COjH .C = C- CH, + CHjCOjH 

1 •> 1 >0 

CHg-COOH + CH,(COjR)COCH, HC = C-CH,CO,H +HO.COCH, 

Similarly, acetoacetic ester and pyrotartaric acid gives methyl 
methronic acid. 

(2) By condensation of acetoacetic ester with glyoxal, together 
with syl vane-acetic ester containing less CO2 (B. 21, R. 636; 22, 152; 
A. 250 , 166). 

Hydrofurans. — But few hydrofuran derivatives have been obtained 
by the reduction of furans — e.g,, tetrahydro-o.^a^-methyiphenylfurant 
C4Hq(CH 3)(C0H5)O, boiling at 230®, from met^lphenylfuran, tetra- 
hydrodiphenylfuran (B. 28 , R. 744), etc. 

By reduction of dehydromucic acid with sodium amalgam at o® 
in a current of CO2 we get the so-called (a) (cis)-Dihydro«<i,ai-'tiiran« 
^ CH-~CHCO,H 

mcarboxylio add, II > o m.p. 150^ which is transposed in 
CH— CHCOjH 

alkaline solution to the (/?) (trans-) form, m.p. 179°. The latter 
can be resolved by cinchonine into its optically active components, 
m.p. 1440. With bromine, both acids combine to form dibromides, 
which, on treatment with baryta-water, yield pyromudc acid. On 
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prolonged boiling with alkali, the (a) and (J 3 ) acids yield (y) Dihydro- 

CH,— CHCOgH 

furan-dicarbozylic acid, I (?); in contrast with the 

CH = CCO,H 

(a) and (/ 3 ) acid, this acid is further reduced by sodium amalgam to 
tetrahydrofiiran-a,aj^carboxylicacid,C4HgO(C02H)2,(a) form, m.p.gs®, 
(/ 3 ) form, m.p. 124° (C. 1901, 11 . 271; 1905, I. 1558). 

Synthetically, by reduction of erythritol we obtain dihydro- 
furan, C4HgO, b.p. 67®, which is transformed by PCI5 into furan 
(Bull. soc. chim., 86, 418). a-Methyl-dibydrofuran, C4H5(CH3)0, is 
formed from aceto-propyl alcohol (see Vol. I. and B. 22 , 1196). 
aa^-Diphenyl-dibydroturan, C4H4(C3H5)20, m.p. 89®, is obtained from 
a-phenyl-cinnamyl-acrylic acid dibromide with alkalies (A. 806 , 210). 
Further dihydroforan derivatives have been obtained S5nithetically 
from a-chloro-crotonic ester and chloro-fumaric ester by condensation 
with sodium acetoacetic ester and sodium benzoyl - acetic ester 
(B. 29 , R. 859). 

Tetrameibylene oxide, 1 yo, and its homologues (I. 299) 

CH, — CH, 

are tetrahydrofurans ; the y - lactones — e.g., butyrolactone, 
CH,-^0,. 

I (I. 345) — and the anhydrides of the succinic acid 

CH, — CH,*^ 

CH,— COv 

series — e,g, 1 (I. 447), etc. — are keto- and diketotetra- 

CH, — CCx 

CO— CH,. 

hydrofurans. Tetronic acid, I (I. 544), and its homo- 

CH,— CO^ 

logues are isomeric with the latter. 

CO . COv 

Also the a-ketolactones of the formula I /O, which are 

CH,. CH,^ 

obtained by the condensation of a-ketonic acids with aldehydes 
(B. 81 , 2218). ^,i3'-Diketo-tetrahydroluran-aa^.dicarboxylic acid 

CO.CH— C 0 ,C 8 H 5 

diethyl ester, I >0 , m.p. 189®, is formed by the oxida- 

CO.CH— C 0 ,C,H 5 ^ ^ 

tion of oxalic ester and ethyl glycollic ester by means of sodium 
ethylate (C. 1906, II. 1433). 


2. THIOPHEN GROUP.* 

Thiophen, C4H4S, an analogue in constitution of furan, C4H4O, 
exhibits the greatest similarity to benzene. It may be viewed as 
benzene, in which one of the three acetylene groups, CH : CH, has 
been replaced by S. By the replacement of the 4-H-atoms in thio- 
phen by other elements or groups we obtain innumerable derivatives, 
in all respects analogous to those derived from benzene. All thiophen 
compounds give an intense blue coloration — the indophenin reaction 
(B. 16 , 1473) — ^when mixed with a little isatin and concentrated 
sulphuric acid. 


* V. Meyer, '*Die Thiophengnippe,** 1888, 
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History. — ^Thiophen, as well as the methylated thiophens, are 
invariably associated with the benzene hydrocarbons which are pre- 
pared technically from coal-tar. Therefore, before thiophen was 
discovered, the indophenin reaction was considered as characteristic 
of benzene hydrocarbons. V. Meyer (1883) observed an absence of 
this reaction when working with a benzene preparation made from 
benzoic acid, and that it reappeared when commercial benzene con- 
taining sulphur was employed in the test. This led to the discovery 
of thiophen. The same investigator ascertained the constitution of 
the latter ajid its kinship to furan and pyrrole. Thionessal, discovered 
by Laurent in 1841, is a thiophen derivative, but it was only in 1891 
that Baumann and Fromm proved it to be tetraphenylthiophen. 

The synthetic methods of producing thiophen compounds from 
y-dicarbonyl derivatives have been discussed (I. 348; III. 13). The 
more specif procedures are the ready conversion of y-ketone acids into 
hydroxythiophens by means of and thiophens result when the 
primary hydroxythiophens are reduced with PjSj (B. 19 , 551 ; 28 , 1495) : 

CH,-CO-CH, CH=C.CH, CH=C.CH, 

I > I >0 > I >S 

CH,-COOH CH=C.OH CH=CH 

Lavulinic Acid. a.5-Oxythiotolene. a- or a-Thiotolene. 

Thiophen, C4H4S, boiling at 84®, with sp. gr. 1*062 (23®), occurs 
in coal-tar (B. 28 , 492), just as do the methyl thiophens; indeed, the 
individual thiophens are present (to upward of 0*6 per cent.) in the 
corresponding commercial benzene hydrocarbons, as they have the 
same boiling-points. Thiophen is found in benzene, methylthiophetis 
in toluene, etc. Thiophen is also formed in considerable quantity 
by heating a mixture of sodium succinate and phosphorus trisulphide 
(Volhard and Erdmann, B. 18 , 454) : 

( 3 ) (2) 

CHj-COONa CH=CH\ 

I > I >S. (i) 

CHg-COONa QH=CH/ 

( 4 ) ( 5 ) 

Thiophen also results upon heating crotonic acid, but^ic acid, 
paraldehyde, etc., with phosphorus trisulphide; by conducting ethyl 
sulphide through tubes heated to redness or passing illuminating gas 
over heated p3nites, FeS^, and acetylene or ethylene over boiling 
sulphur. 

Unsaturated aromatic hydrocarbons, when heated with sidphur, 
yield phenyl thiophens. Thus, styrene forms diphenylthiophen; stil- 
bene, tetraphenylthiophen; also acetylenedicarboxyhc acid, thiophen 
tetracarboxylic acid (B. 28 , 1635; 80 , no). Thiophen is obtained 
from crude benzene by shaking it with a little concentrated sulphuric 
acid (B. 17 , 792). 

It can ^so be extracted by boiling with Hg acetate, in which case 
the thiophen separates out as thiophen-mercuro-oxy-acetate, which 
can be fairly easily split up into thiophen and mercuric chloride by 
boihng with HCl (B. 82 , 758; 88, 2208). 

Thiophen is a colourless liquid with an odour resembling that of 
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benzene. It becomes crystalline when exposed to a mixture of solid 
carbon dioxide and ether. Sodium has no effect upon it, even when 
it is heated. Mixed with a little sulphuric acid and isatin, it becomes 
dark blue in colour. The same occurs when its solution in sulphuric 
acid is added to phenanthraquinone in glacial acetic acid (reaction of 
Laubenheimer, B. 19 , 673; 87 , 3348). 

It is remarkable that thiophen, which from its formula can be 
regarded as a cyclic, unsaturated alkylene sulphide, does not exhibit the 
additive power of normal alkyl sulphides for methyl iodide, oxygen, 
etc. When thiophen is heated to 200° with piperidine, sulphur is 
eliminated and a base produced which yields tetramethylenedipiperi- 
dine, C5HioN(CH2)4NC5Hio, upon reduction (B. 28 , 2217). 

This very striking analogy existing between bodies of the thiophen 
series and the benzene series may be observed with the following 
representatives of both groups, the boiling and melting points of which 
compounds are presented in the table. The benzene derivatives have 
already been discussed; those of thiophen will receive attention in the 
succeeding pages. 


Benzene Series. ! Thiophen Series. 


Benzene 



B.P. 

8 o* 5 ‘- 

Thiophen 

ii.p. 

84° 

Toluene 



110 - 3 ° 

Thiotolen 

113° 

p- Xylene 



138^^ 

2:5-Thioxen 

135° 

* 5 oPropylbenzene 



153 ° 

i^oPropylthiophen 

^ 54 ° 

Diphenyl 



2 54 *^ 

Dithienyl 

266^ 

Diphenylmethan c 



261° 

Dithienylmethane 

267° 

Chlorbenzene 



132° 

a-Chlorthiophen 

130® 

p-Dichlorbenzene 



172° 

Dichlorthiophen 

170° 

Brombenzene 



155® 

1 a-Bromthiophen 

150® 

T etrabrombenzene 



329*^ 

Tetrabromthiophen 

326° 

p-Dinitrobenzene 



299° 

Dinitrothiophen 

290° 

Benzoic Acid 



250® 

a-Thiophencarboxylic Acid . . 


Benzonitrile . . 



191° 

Thiophen-nitrile 

190° 

Acetophenone 



202° 

Acetothienone 

213® 

Benzophenone 



307° 

Thienone 

326® 

Cinnamic Add 


m.p. 

i 33 ‘’ 

Thienylacrylic Acid . . m.p. 

138^ 


I. Thiophen Homologues , — Homologous thiophens, in addition to 
their synthetic formation from y-dicarbonyl compoimds, are prepared 
from thiophen according to methods perfectly similar to those used 
in the production of the corresponding benzene hydrocarbons from 
benzene; thus, from iodthiophen and an alkyl iodide by means of 
sodium; from thiophen, alkyl bromides and duminium chloride, etc. 
The behaviour of the thiophen homologues, when subjected to oxida- 
tion, etc., is analogous to that of the corresponding benzenes. 
Methylfhiophens. 

a-Thiotolen, from iodthiophen by the aid of methyl iodide and 
sodium, is converted into a-tlnophencarboxylic acid by oxidation. 

/S'Methylthiophdii, /^-Thiotolen, is formed when sodium pyrotar- 
trate is heated with P2S3. Both ^otolens occur in coal-tar. 
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Dimethylthiophens or thiozens occur in crude xylene (B. 29 , 
2560). 2,3-Dimethylthioplien boils at 136°. 24-Dimetliylthiophen 
boils at 138®. 2,5-Thioxm boils at 135°. 3,4-Dimethyltbiophen 
boils at 145°. isoPropylthiophe^ boiling at 154°, is formed when 
aluminium chloride acts upon thiophene and isopropyl bromide. 

a-Phenylthioplien, melting at 41®, is prepared by heating benzoyl 
propionic acid with phosphorus stilphide (B. 19 , 3140). 

a.a^-Diphenyltbiophen, melting at 153®, results from diphenacyl 
and P2S5 or from styrene or cinnamic acid with sulphur (B. 28, 890), 
together with a,/?^-dipheiiyl-thiophen, melting at 119®. Tetraphenyl- 
thiophen, Thionessal, €4(0^115)48, melting at 184°, is produced when 
thiobenzaldehyde is heated; also from stilbene and sulphur (A. 88, 
320; B. 24, 3310), just as thiophene is formed from ethylene and 
sulphur (see above). 

Dithiei;]^!, C4H3S.C4H3S, melting at 83° and boiling at 266°, is 
obtained, like diphenyl, by conducting the vapours of thiophen through 
tubes heated to redness. An isomeric a.a^-Dithienyl, melting at 33°, 
results in the action of sulphuric acid upon thiophen, and also by the 
interaction of a-iodthiophen and silver (B. 27 , 2919; 27 , 2385). 
Dithienylmethane, (C4H3S)2CH2, melting at 43® and boiling at 267®, is 
formed from thiophen and methylal. Thienyldiphenylmethane, 
(C3H3S).CH(C5H5)2, melting at 63° and boiling at 335®, is prepared 
from thiophen and benzhydrol. ^ Tbienyltriphenylmethane, (C3H5)3- 
€(€41138), melting at 237®, is formed when P2O5 acts upon triphenyl- 
carbinol and thiophen. The homologous thiophens may also be as 
readily condensed with triphenyl carbinol (B. 29 , 1402). 

Dithienylphenylmethane, €3H5.€H(€4H38)2, melting at 75®, has 
been prepared by the condensation of benzidehyde and thiophen 
(B. 29 , 2205). 

as-Dithienylethane, €H2€H(€4H38)3, b.p. 270® to 280®. sywi.-Di- 
thienylethylene, m.p. 125® (see B. 80 , 2041). 

2. Halogen Derivatives , — €hlorine and bromine attack thiophen in 
the cold. The action is even more energetic than with the benzenes. 
Iodine, in the presence of mercuric oxide, also attacks it at the ordinary 
temperature. The three halogens first enter the a-position. In proper- 
ties the haloid thiophens are very similar to the benzene haloids. When 
the brominated thiophenes are oxidized with strongly cooled, concen- 
trated nitric acid, the ring is ruptured, and there result dibromomaleic 
acid, brom-citraconic acid, dibromacetoacrylic acid, etc. (B. 24,74, 1347)* 
a-Alkylthiophens yield on chlorination and bromination, even in 
sunlight and at boiling-point, almost exclusively nuclear substitution 
products; but in i3-methylthdophen, especially ^n heating, substitu- 
tion takes place mostly in the side-chain (€. 1905, II. 1796). 

a-Chlorthiophen, C4H3€18, boils at 130®, and dichlorthiophen, 
C4H2€l28, at 170®. I^tnudilorthiophen, €4€l48, melts at 36®^ and 
boils from 220®-240®. 

a<Bromthiophen boils at 150®. a,a^-Dihromtliiophen boils at 211®. 
Its formation serves for the complete isolation of all the thiophen that 
may be present in a thiophen-benzene (B. 18 , 1490). Tribromtbio- 
Phen melts at 29® and boils at 260®. Tetrabromthiophen, €4Br48, 
melts at 112® and boils at 326®. It is also produced in the energetic 
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bromination of substituted thiophens when the substitutes are dis- 
placed (B. 26, 2457). 

a-Iodthiophen, boils at 182°. 

3. Nitro-derivatives, — ^The action of nitric acid upon thiophen is 
so very energetic that, in order to moderate the reaction, air charged 
with thiophen vapour is conducted into the fuming nitric acid. Mono- 
and dinitrothiophen are then produced (B. 17 , 2648). 

Nitrothiophen, C4H3(N02)S, melts at 44® and boils at 225°. 

Dmitrothioph^ C4H2(N0^2S, melts at 52® and boils at 290®. 
Caustic potash colours its alcoholic solution dark red. The same 
coloration of dinitrobenzene, caused in the same way, is due to admixed 
dinitrothiophen (B. 17 , 2778). 

4. Amino-derivatives. — Nitrothiophen is reduced with much more 
difficulty than the nitrobenzenes. The reduction succeeds when zinc 
and hy^ochloric acid are allowed to act upon the dilute alcoholic 
solution (B. 18 , 1490). 

Aminotbiophen, thiophenine, C4H3S.NH2, is a bright yellow oil. 
It resinifies on exposure to the air. Its HCl-salt consists of deliques- 
cent needles. It does not yield a diazo-derivative. It combines with 
salts of diazobenzene, forming stable, mixed azo-dyestuffs — e.g., 
CeHg.N : N— C4H2S.NH2.HCl (B. 18 , 2316). 

Acetyl->amino-&iophen, (C4N3S)NHCOCH3, is obtained from aceto- 
thienone oxime, (C4H3S).C(NOH)CH3, by Beckmann's transformation 
(Ch. Ztg. 2^ 266). a-TUenyl-uiethane, m.p. 48®, from a-thiophencar- 
boxylic azide with alcohol, decomposes on saponification (J. pr. Ch. 
[2], 65 , 1). 

5. Sulphonic Acids, — Like the benzene sulphonic acids, the thio- 
phen sulpho - derivatives are produced by dissolving thiophen in 
sulphuric acid. In this reaction the thiophen must be diluted with 
petroleum ether, benzene, or some other agent. They can also be 
prepared from the thienyl-ketones by displacing the ketone groups by 
sulpho-residues (B. 19 , 674, 1620, 2623; 29 , 2562). 

6. Hydfoxythiophens. — Hydroxytbtophen is not known. a-Hydroxy- 
a^-methyl-thiophen, C4H2(CH3)S.OH, is synthetically prepared from 
laevulinic acid. a-Thienylsulphydrate, C4H3S.SH, is prepared by 
reducing a-thiophen-sulphonic chloride, C4H3S.SO2CI. It is present 
in the crude thiophen product obtained by distilling succinic acid 
with P2S6. It boils about 166®. 

7. Alcohols. — Tertiary a-thienyl carbinols (C4H3S)C(OH)R2, like 
diinethyl-, methyl phenyl-, and diphenyl-a-thienyl oarUnol, m.p. 33®, 
50®, and 125®, have been obtained by the reaction of a-thienyl 
magnesium iodide with ketones (C. 1908, I. 1784). 

8. Aldehydes and a*l^ophenalde^de, C4H3S.CHO, 

results from the distillation of thienylglyoxylic acid. It boils at 198®. 
See B. 24 , 47; 25 , 2588, for the thiophene aldoximes. 

If oxidized, even in the air, it forms a-thiophenic acid. Aqueous 
caustic potash converts it into thiophenic acid and thienylcarbinol : 
2C4 Hj^. CHO + KOH « C4H3S . COgK + QHgS . CHg . OH. 

a-lMenylcarbinol is an aromatic liquid boiling at 207®. 

Thiophenaldehyde condenses with sodium acetate and acetic 
anhydride to thienylacryUc acid, C4H3S.CH : CH.COOH, melting at 
138®. This acid corresponds to cinnamic acid. 
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The ketone derivatives of thiophen are obtained very easily by 
the action of acid chlorides upon thiophen in the presence of alu- 
minium chloride. 

a-Thienyl methyl ketone, C4H3S.CO.CH3, Acetothienone, is an oil 
boiling at 213®. If it be oxidized with permanganate, it fost forms 
Thienyl-glyoxylio Add, C4H3S.CO.CO2H, melting at 91®, and then 
a-thiophenic acid. 

Compare B. 24 , 232, R. 627, 952, for the condensation products of 
acetothienone with oxalic ester. Dithienyl ketone, Thienone, CO- 
(C4H3S)2, melting at 88® and boiling at 326®, is obtained from thiophen 
and COClg. Thienyl phenyl ketone, C4H3S.CO.CeH5, melting at 55® 
and boiling at 360®, results from thiophen, benzoyl chloride, and 
AlaCle. 

See B. 28 , 1804, for the brominated thiophen ketones. 

9. Thiophen Carboxylic Acids. — Thiophen carboxylic acids are 
formed by methods which are perfectly analogous to those employed 
in the preparation of the aromatic acids: 

(1) By the oxidation of the alkyl thiophens with a solution of 
alkdine potassium permanganate, a -Ethyl -thiophen first yields 
thienylglyoxylic acid, but this changes to thiophenic acid. 

(2) By the action of chloroformic ester and sodium amalgam upon 
iod- or bromthiophen, or by the interaction of the same reagent and 
thiophen, or the latter, urea chloride, and Al^Clg. 

a-Thiophencarbozylic acid {Thiophenic acid), C4H3S.CO2H, melting 
at 126® and boiling at 260®, is also formed upon heating mucic acid 
with barium sulphide; from a-iodo- thiophen with chloroformic ester 
and Na-amalgam; and by oxidizing ace to- or propiothienone with 
permanganate (J. pr. Ch. 2, 65 , 6). 

Its nitrile, C4H3S.CN, is produced when a-thiophene sulphonic 
acid is distilled with KCN, or by the elimination of water from thiophen 
aldoxime (B. 26 , 1311). 

Ethyl ester, b.p.gs 115°; hydrazide, m.p 136®; azide, m.p. 37® (J. 
pr. Ch. [2], 65 , i). 

/^-TUopbencarboxylic acid is produced when / 5 -methylthiophen is 
oxidized. It melts at 136®. 

2:3-Thiophendicarboxylic aci^ C4H2S.(C02H)2, melts at 260® 
with decomposition. Like phthalic acid, it forms a fluorescein with 
resorcinol. 

The 2\^~acid melts at 118®. The 2:$-acid sublimes at 300®. 
Sodium amalgam reduces it to — 

Tetrabydro-thiophendicarbozylio add, C4HeS(C02H)2, melting at 
162®. This reduces ammoniacal silver solutions, especially upon 
warming. It resembles the hydrophthalic acids (B. 19 , 3274) in its 
entire behaviour. 

Thiophentetracarboxylic methyl ester, C4(COOCH3)4S, melting at 
127®, is obtained when acetylenedicarboxylic methyl ester is heated 
with sulphur to I50®-I55® in a sealed tube (B. 28 , 1635). 

CH C CH 

Thiophthen, II II II , consists of two thiophen 

CH — s-c— s— CH ^ 

nuclei having two C-members in common. It boils at 225®. It results 
when citric add is heated with PgSg (B. 19 , 2444). 
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Tetiabydioihioplwns are represented by tetramethylene sulphide, 
CH,— CH,v 

I yS, and its homologues, obtained from a8- dihalogen 

paxafi^QS by the action of K^S (B. 48, 545, 3220). 

3. SELENOPHEN. 

The selenophens are constituted analogously to the thiophens. 
They contain an atom of selenium for sulphur. Selenophexi, 

CH=CHv 

CH CH/ itself has not yet been prepared in a pure condition. 

It probably is formed when selenium ethide is conducted through tubes 
heated to redness (B. 18, 1772). 

a^a^-Dixnethylsdenophen, selenozen, C4H,(CH3) jSe, boiling at 153°- 
155°. is produced when acetonylacetone is heated with phosphorus 
selenide (B. 18, 2255). Isatin and sulphuric acid colour it a carmine 
red. It also shows the Laubenheimer reaction (p. 22). 

4. PYRROLE GROUP.* 

In pyrrole, C4HSN, there is a four-membered carbon chain united 
to a ring by the bivalent imine group. It is, therefore, a secondary 
amine, and, like its derivatives, possesses a feeble basic nature, as it 
dissolves in dilute acids. The p5TTole bodies, on the other hand, show 
great similarity in their behaviour to the phenols; the imine hydrogen 
can be easily replaced by potassium. The great reactivity of the 
methine hydrogen in p5m:ol is quite remarkable. It can be as readily, 
and in some instances more easily, replaced .than the imine hydrogen by 
the most varied groups and atoms. The constitution of pyrrole and 
its relations to furan and thiophen are deduced from its analogous 
s5aitheses from the 7-dicarbonyl compounds. 

The great reactivity of the methine hydrogens in pyrrole is remark- 
able. They can be replaced by the most diverse atoms and groups 
with the same facility as the imine hydrogens, or even more. The 
constitution of p5UTole and its relations to furan and thiophen result 
from the synthetic formations from y-dicarbonyl compounds. 

A rather remarkable occurrence is the reversal of these syntheses 
— i.e., the decomposition of the pyrrole ring with ehmination of the 
imine group. This is induced by the action of hydroxylamine. 
Dioximes are thus produced. Thus, pyrrole yields succindialdoxime 
B. 22, 1968) : 

CH =CHv CH, .CH : N . OH 

i >NH+2H,N.0H=| +NH,. 

CH=CH'^ CH,.CH:N.OH 

The homologous pyrroles— <!.g., a-methylpyrrole, /S-tsopropyl, etc. 
— ^react similarly. This decomposition can be applied in determining 
the position of the substituents in the homologous pyrrols, as the 
a-alkyl pyrroles yield the oximes of ketones, while aldoximes are 

• Ciamician, “ U Pirtolo ed i euoi derivati," Roma, i888. 
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obtained from the /^-derivatives. These can be readily converted 
into dibasic acids (B. 24» R. 649, 830). 

In contrast to furan and thiophen there is a possibility of a dis- 
placement of hydrogen in the formulation of pyrrole, so that, beside 
the normal Formula I., the desmotropic Formulae II. and III. must be 
considered: 

(4) (3) 

CH CH CH=rCH CHa CH 

CH.NH.CH CHa.N:CH CH ; N.CH 

(5) (I) (2) 


From Formula II. the pentachloro-p5nTole is no doubt derivable. 
The nitroso-, nitro-, and benzene-azo-p}n:roles are possibly referable to 
the desmotropic Formulae 11. and III. 

The position of the substituents in the methine groups of p5m:ole 
is indicated, as in furan and thiophen, by numbers 2, 3, 4, 5, 
or letters a, Derivatives in which the imido-hydrogen 

atom is replaced are distinguished as iV - derivatives, from the 
C-derivatives. 

As the furan derivatives, on account of their relation to the 
hydrocarbons, so also the p)n:roles and hydro-pyrroles possess physio- 
logical interest on account of their relation to albumen bodies, as 
exemplified by the formation of p3m:ol derivatives from animal oil, 
glue, and the colouring matter of blood and leaves. They are also 
related to some alkaloids, such as those of coca and nicotine. 

Pynole, boiling at 131®, with sp. gr. 0*9752 (12*5°), received its name 
from its property of imparting a fiery red {irvppos) colour to a pine 
shaving moistened with hydrodiloric acid. It was first found in coal- 
tar and bone oil (Range, 1834; Anderson, 1858). It also is present 
in the distillation products of bituminous shales. 

Bone oil, freed from the strongly basic substances (chiefly pyridine 
bases), consists of nitriles of the fatty acids, which are saponified upon 
boiling them with caustic potash, and in addition benzene hy^o- 
carbons, pyrrole and its homologues. The pyrrole is contained in that 
portion of the oil boiling at Ii5°-I30°, which is treated with metallic 
potassium, whereupon solid potassium-pyrrole separates. 

The oil obtained free from bone-glue by distillation is composed 
almost entirely of pyrrole compounds. 

Pyrrole can be obtained synthetically (i) by the distillation of 
ammonium saccharate or mucate, or upon heating glycerol to 200®; 
(2) when acetylene and ammonia |are conducted through tubes heated 
to redness: 2C2H2 + NH3 «C4H4NH +H2; (3) from various acid imides 
and lactams, which may also be regarded as keto-derivatives of hydro- 
pyrroles. Thus, succinimide is reduced to pyrrole when it is distilled 
with zinc dust (or sodium) : 



Succinimide and dichloromaldnimide, when heated with PQ5, 
yield perchlorinated products, which, upon reduction, become tetra- 
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chlorp3aTole. The latter can be changed through tetraiodpyxrole into 
pyrrole: 

H 


ca—co\ 

« 

CCI — co' 
Dtchlornialein* 
imide 


Pentachlorpyrrol 


Hepta'chloride 


ca=cav ^ ci=civ ^ ch=:CHv 
cci=ca' 

Tctracblorpyrrol . lodol Pyrrol. 


Pyrrole is also produced when pyroglutaminic acid (I. 559) is heated : 


CH,— CH~ 


-CO,H 


>NH 

CHj--CO 

pyroglutaminic Acid. 


CH=CHv 
-> J >NH. 
CH=CH^ 


Pyrrole is a colourless liquid with an odour resembling that of 
chloroform. It becomes brown on exposure to the air. It is but 
slightly soluble in water, but dissolves very readily in alcohol and 
ether. It 5delds an indigo blue coloration with isatin and sulphuric 
acid, or with phenanthraquinone, etc. (B. 17 , 142, 1034; 19 , 106; 40 , 
2492). Chromic acid oxidizes pyrrole to maleinimide (C. 1904, II. 
305). Pyrrole is a very feeble base. It is dissolved very slowly in the 
cold by dilute acids, but is rapidly resinified by strong acids. When 
its solutions in dilute acids are heated, ammonia is disengaged, and 
an amorphous red powder of varying composition is precipitated. 
This is pyrrole red. 

The resinifying action of acids upon pyrroles is probably due to 
polymerization changes (B. 26 , 1711). Thus, dry hydrochloric acid 
gas precipitates (C4H5N)3HC1 from the ethereal solution of p5r'role. 
This must be regarded as the salt of a polymeric tripyrrole, (C^HgN)^. 
Crystalline tripyrrole is obtained by neutralizing the solution of pyrrole 
in dilute aqueous hydrochloric acid with ammonia, and then extracting 
with ether. Tripyrrole polymerizes further on standing, but when 
heated it breaks down into NH3, indole, and pyrrole, according to the 
following equation (B. 27 , 476) : 


CH-~CH--CH— CH—CH— CH 

II I i 1 i II 

CH CH-— CH CH— CH CH 

\/ \/ \/ 

NH NH NH 


CH=CH~C--CH CH— CH 

I II II +11 II +NH 4 . 

CH=CH— C CH CH CH 

\/ \/ 

NH NH 


The transition of the pyrrole ring to that of pyridine is very remark- 
able. 

^-Chlorp3nidine is formed upon heating potassium-p3rrole, or p3OTole 
and sodium alcoholate, with chloroform: 


CH=CHv CH=CC1.CH 

I >NK+CHCl3=r II +KC14-HC1. 

CH=CH/ CH=CH— N 

Bromo-pyridine. 

Similarly, bromoform 3delds /S-brompyridine and methylene 
iodide. The homologous alkyl pyrroles, when heated alone to higher 
temperatures, also form p3ri<iine derivatives. 
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It is probable that dichloro-methylpyrroles, (C4H3N)CHCl2, occur 
as intermediate products, which, under the conditions of reaction, 
pass into chloropyridines. This is supported by the fact that, in some 
cases, pyrrole aldehydes are obtained (C. 1910, 1 . 654), thus resembling 
the action of chloroform and alkali upon phenols. A similar migration 
of the pyrrol nucleus into the pyridin nucleus takes place in conducting 
the vapours of N-alkyl- and a-alkyl pyrroles through incandescent 
tubes; here, also, the C-atom, newly entering the ring, takes up the 
w-position towards the N-atom. N-methylpyrrole yields pyridine, and 
N-benzylpyrrole, /?-phenylpyridine (B. 88, 1946). 


CH=CH\ 

CH=CH/' 


N.CHaQHj. 


•> 


CH=C(CeH5).CH 
CH=:CH N 


iV-Derivatives of P3rrrole. — Potassium dissolves in p5n:role with an 
energetic evolution of hydrogen. It forms Potai^um-psrrrole, 
CH=CHv 

C4H4NK= 1 ^NK. a crystalline mass. This compound may also 
CH — Or 

be obtained by boiling pyrrole with solid caustic potash. Water 
regenerates pyrrole and caustic potash. Sodium does not act like 
potassium. 

A series of N-derivatives of pyrrole maybe prepared from potassium- 
pyrrole. They are characterized by the fact that they change, on 
heating, to C-derivatives. This is analogous to the formation of homo- 
logous anilines from the alkyl anilines: 

Alkyl iodides yield AT-Alkylpyrroles, C4H4: NR, which can be 
directly formed if in the pyrrole s5nitheses primary amines be substi- 
tuted for ammonia, and also in the distillation of the alkylamine salts 
of mucic acid, etc. 

A^-Methylpyrrole boils at 113®. AT-Ethylpyrrole boils at 131°. 
A'-Isoamylpyrrole boils at i8o®-i84°. 

A’-Phenylpyrrole, from anihne mucate, melts at 62°. 

iV,j 5 -P 3 rridylp 3 rrrole, C4H4N .C5H4N, boiling at 251°, is obtained from 
j5-amino-p5n:idine mucate (B. 28 , 1907). 

With acetyl chloride the product is: iV-Acetylpsrrroley C4H4N.CO.- 
CHg, boiling at 178°. It is also produced (together with pyrryl methyl 
ketone) upon heating pyrrole with acetic anhydride. 

Phosgene converts potassium -p5m:ole into iV-carbonylpsrrrole, 

melting at 63° and distilling at 238°. When heated, it 
is converted into isomeric dipyrryl ketone, 

iV-Pjrrroleoarbozylic ester, C4H4N . COj . C^Hg, js* formed when chlor- 
carbonic ester acts upon potassium-pyrrole. It is an oil boiling at 180°. 
It passes into pyrryl carbamide, C4H4N . CO . NH^, if it is heated with 
aqueous ammonia. 

A^“Cyano-p3rrrole, C4H4N.CN, is produced in the action of cyanogen 
chloride upon potassium-pyrrole. It rapidly polymerizes to a melamine 
derivative. 

With benzoyl chloride, iV-benzoylpyrrole is formed, C4H4 : N.- 
COCjHg, b.p. 276®. It is converted by heating into a-pynyl-phenyl 
ketone. 
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With Si-tetrachloride, silico-tetrapyrrole, is formed, 

colourless prisms, m.p. 173® (C. 1909, I. 1657). 

Like aniline, p3nTole also reacts with methyl magnesium iodide, 
with production of methane and formation of a pyrryl magnesium 
iodide, (C4H4N)MgI, in which the Mg seems to be attached to the 
a-carbon atom, since with CO2 it yields a-pyrrolecarboxylic acid; with 
acid chlorides, a-pyrryl ketone; and with oxalyl chloride, ao-dipyrroyl 
(B. 48 , 1012; C. 1911, 1 . 1548). 

N-^m 7 mo-derivatives of the p3nToles, C4R4N . NHC^Hg, have been 
S3mthetically obtained from 1,4-diketo compounds and phenylhydrazine 
(compare A. 289 , ^12). 

C-Derivatives of Pyrrole. — i. C-AIkylpsrrroles, homologous pyrroles, 
occur in bone oil. They are artificially produced: 

{a) On conducting the vapours of p3nTole and alcohols over zinc dust. 

(b) Upon heating pyrrole or potassium-p5m:ole with alkyl iodides. 
iV-Alkylpyrroles result at first, but they immediately change to C-alkyl 
pyrroles. 

(c) By splitting off carbon dioxide from the homologous pyrrole 
carboxylic acids. 

(d) By direct synthesis from y-diketones — e.g., acetonyl acetone, 
etc. — upon heating with ammonia. 

(e) On conducting N-aikylp3UToles through incandescent tubes 
(B. 87 , 2792). 

We must note the S3aithesis of ^j?i-dimethyl-aa^-diethylpyrrole on 
heating bis-diethyl azimethylene (diethyl ketazine, compare Vol. 1 .) 
with ZnClg (B. 48 , 493) ; 

CHa.CH* CHa.CH, ^nCU 

I I II II 

CaH5.C:N.N:C.CtH4 CaH.. C. NH . C. CaHj. 

This reaction is analogous to Fischer's indole synthesis. 

Behaviour. — The C-alkylpyrroles yield the corresponding pyrrole 
carboxylic acids when they are fused with caustic potash, while acid 
oxidizers give imides of the maleic acid series or their monoximes 
(C. 1903, 1 . 838; B. 42 , 4964). Like pyrrole itself, they are readily 
resinified by acids. Gaseous hydrogen chloride precipitates com- 
pounds like [C4H3(CH3)NH]2HC1, [C4H2(CH3)2NH]2HC1, from the 
ethereal solutions of the mono- and a,/j-dialkylpyrroles. In aqueous 
solution dilute sulphuric acid changes these salts, with the elimination 
of ammonia, into alkylindoles. The reaction completes itself by the 
assumption of a structure for polymeric alkyl pyrroles similar to that 
attributed to tripyrrole (B. 24 , 2562; 26 , 1711): 

CH, . C— CH— HC— CCH, CH, . C =CH-~C-4:CH, 

II I 1 . II - i II II +NH3. 

CH3.C CH— HC CCH, CHa.C=CH— C CCH, 

V V V 

NH NH NH 

Tetramethyle Dipyrrole Tetramethyl Indoie. 

a-Me^lpyrnde boils at 148*, while the ^-variety boils at 143“. 

o.iS-Dimeihylpyirole boils at 165®. These three have been obtained 
from bone oil. sa^-Dimethjdprmdet boiling at 165°, and a, ^i-Dimeibyl- 
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pyir 61 e» boiling at 160°, have been prepared from their dicarboxylic 
acids. 

aa^-Dimethylpyrrole is split up by the action of nitrous acid to the 
dioxime of dimethyltetraketone : CHgCO . C(NOH) . C(NOH) . COCH3 ; 
while aj 5 i-dimethylp 5 nTole is oxidized by chromic or nitrous acid to 
citraconimide or its monoxime (C. 1903, 1 . 838; B. 42 , 4694). 

a-Ethylpyrrole, boiling at 165®, and a-i$oPropylpyrrole, boiling at 
i75°> sre produced in the action of aldehyde or acetone and zinc 
chloride upon p5n:role. See B. 80 , 434, for a,a^.Methyltsopropylpyrrole. 

aaijj-Trimethyl-pyrrole, b.p. 180®, from its carboxylic acid (B. 88, 
1130). i 5 ,/^i-Dimethyl-a,ai-diethyl-pyrrole, b.p.55 134® (see above). 

Btomopyrrole, a,l3y-DimethyUP-ethylpyrrole{'>) ^^fic”Nirc *cf?* 
b.p. 198®, is a very important compound in biochemistry. \i is 
formed besides an isomeric dimethylethylpyxrole (fsohaemopyrrole) and 
the so-called phyllopyrrole, a trimethylp3nTole, by reduction from 
Hcamin (Nencki and Zaleski, B. 84 , 997), or better, from Hcemaio- 
porphyrin, two disintegration products of haemoglobin (A. 366 , 250), 
and from various derivatives of chlorophyll (A. 386 , 188); it is also 
fonned by reduction from Biliruhin, a bile dye (C. 1905, I. 1254). 
During oxidation with nitrous acid, haemo-pyrrole eliminates the 
methyl group standing in the a-position, and forms methyl-ethyl- 
malein-imide or its monoxime (B. 42 , 4693). By recently elaborated 
^jmthesis of a^i-dimethyl-^-ethylpyrrole, which is identical neither 
with haemopyiTole nor with tsohasmopyrrole, the constitution of haemo- 
pyrrole and its connections has again become uncertain (B. 44 , 3707). 

a-Phenylpyrrole, melting at 129® and boiling at 272®, is formed by 
the rearrangement of Ar-phenylp3m:ole upon the application of heat 
(B. 28 , 1905). 

a,<^i-Methylphenylpyrrole melts at loi®. 

Te&aphenylpsrrrole, from aa^ - dibenzoyldibenzyl with ammonia, 
melts at 211® (B. 22 , 553). 

melting at 72®, is formed by the rearrangement 
of A,^-pyridylpyrrole. The methyl iodide of its iV-methyl ether 
appears to be identical wdth nicotyrine iodmethylate obtained from 
mcotine {q.v) (B. 28 , 1912). 

With aromatic aldehydes the lower pyrroles react very violently, 

formation; the higher ones partly give 

ArCH(Pyrr)2 (B. 86, 1647). 

2. Halogen Substitution Products , — ^The halogens react very ener- 
pticaUy with the p5nTole compounds. To prevent the formation of 
tar it IS necessary to operate with very dilute soljitions. Even then, 
as a rule, ah the available hydrogen atoms of the pyrrole nucleus will 
e immediately replaced. Chlorine and bromine oxidize pyrrole in 

^K^ne solution at once, and convert it into dichlor- or dibrom-malein- 
inuaes. 

the action of sulphuryl chloride, SOaClj (i, 2, and 3 mol.) upon 
Of solution of p5nTole, a-mono-, aa^-di-, and aa^^-trichloro-pwoles 

nrst formed as very unstable Uquids; with 4 mol. SOjCla tetrachloro- 
formed, and further action also replaces the fifth H-atom ; 
pentachloropyrrole is formed, which was also obtained from succin- 
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imide amd dichloro-inalelnimide with PCI*, and yields dichloro-maldn- 
imide again on boiling with water. PentachToropyrrole therefore has 
C Cl-C CL 

the formula II \n, and is derivable from the desmotropic 

C Cl — C Clji' 

Formula II. (A. 295, 82; C. 1902, II. 522, 901). 

TetrachIorp3^rrole, C4CI4NH, melting with decomposition at no®, is 
also obtained by the reduction of the product resulting from the action 
of PCI5 upon succinimide and dichlormaleinimide — the so-called pyrrole 
pentachloride, C4CI5N, and the heptachloride, C4CI7N (I. 463). It de- 
composes very rapidly spontaneously, and cannot be directly converted 
into pyrrole by a reverse substitution. Potassium iodide converts it 
into iodol (B. 19, 3027). 

a-CUoro-cu/^iS^-tribromopyrrole, C4ClBr3NH, m.p. 96^-100®, and 
aaj-dicMoro-^^i-dibromopyrrole, C4Cl2Br2NH, m.p. 100°, from pyrrole 
by successive action of SO2CI2 and Br; their N-methyl compounds, 
m.p. 120® and 126®, give on oxidation with HNO3, dibromo-maleic 
methyl imide, which settles their constitution as well as that of chloro- 
pjTTole (C. 1905, II. 828). aaj/3-Trichloro-/?-bromo-pyiTole (see C. 1904, 
II. 994). Tetrabromopyrrole (compare C. 1901, I. 1323). 

Iodol, Tetraiodopyrrole, C4I4NH, melting at 104® with decomposi- 
tion, crystallizes in yellowish-brown needles. It is best made by the 
action of iodine upon pyrrole in the presence of alkalies. It is odourless. 
It is applied as an antiseptic, having the same action as iodoform 
(B. 20, R. 220), 

3. Nitroso- and Nitro-pyrroles , — Since pyrrole and its homologues 
are easily resinified by acids, these compounds can only be obtained 
indirectly, and are easily decomposed. Under the action of amyl 
nitrite and Na ethylate, pyrrole and its homologues with a free 
CH group in the ^-position give Na salts of ^-iso-nitroso-pyrroles, 

CH-C : NONa 

J » derivable from the desmotropic Formula III. of 

^CH =CH 

pyrrole. 

Sodium isooitrosopyrrole, (C4H3N) : NONa, and aa^-sodium 
dimethyl fsonitrosopsnrole (see C. 1901, II. 778; 1902, II. 704; 1904, 1. 
1150; 1905, II. 626). 

Nitropymde, (C4H4N)N02, light yellow rhombohedra, m.p. 63°. Its 
sodium salt, (QH^N) : NOONa (?), is obtained from pyrrole and 
ethyl nitrate. Nitro-a^i-dimetbylpyrrole, m.p. iii° (C. 1911, I. 
1420). 

Dmitropyrrde, C4H2(NO,)2H3NH, melting at 152°, is obtained 
from pyrryl methyl ketone. Dinitrc^bromopyrrole, C4Br2{NOjj)2NH, 
is formed from dibromopjnrole dicarboxylic acid. It decomposes very 
readily with liberation of NO into dibrommaleinimide; 

CBr=C(NO,).. CBr— Ca 

I >NH = || >NH+2N0. 

CBr=C(NO,)/ CBr— CCX 

Niiiotriiodopyirole, C(NO,)IgNH, and dinitrodUodopyrrole, gold- 
yellow needles forming salts with alkalies, from iodol with fuming 
HNOg in acetic acid (C. 1901, 1. 946). 



PYRROLE GROUP 


33 


4. Amino- and Diazo-pyrroles, — Hitherto only the / 3 -amino-aaj- 
diphenyl- and aa^/?j^-triphenyl-pyrroles, m.p. 188° and 184°, have been 
prepared. With HNOg they yield stable red-brown diazo-pyrroles, 
m.p. 123° and 159° (C. 1905, II. 900). 

5. Pyrrole-azo-compounds. — Azo- and Disazo-compounds, perfectly 
analogous to the benzene azo-dyes, result from the interaction of 
benzene diazo-salts and pyrrole or homologous pyrroles. One and two 
molecules of the diazo-bodies enter the reaction (B. 19 , 2251) : 

(C4H,NH)N : NC.H, and (C4H,NH)< ^ • N.C.H. 

Pyrroleazobenzene. Pyrroledlsazobenzene. 

6. Pyrrole a-Pyrrolealdeliyde {C4H3NH)CHO, m.p. 45®, 

has been obtained by the action of chloroform and aqueous potash 
upon pyrrole. Oxime, m.p. 164°; phenyl hydrazone, m.p. 139°. Passes 
into a-pyrrolecarboxylic acid on oxidation (B. 83 , 536). aa^-Dimethyl- 
;8.pyrrolealdehyde, (C4H2N)(CH3)2CHO, m.p. 144^ (C. 1910, I. 654). 

7. Pyrrole Ketones. — These (together with the isomeric AT-acetyl 
pyrroles) are produced by heating the pyrroles with acetic anhydride, 
and are also prepared by a molecular rearrangement of the iV-acetyl 
pyrroles on being heated. 

Potassium permanganate oxidizes the C-acetyl pyrroles to pyrrole- 
glyoxylic acids, which molten caustic potash converts into p5n:rolecar- 
boxylic acids. The former condense with benzaldehyde to cinnamoyl- 
pyrroles — e.g., C4H3NH.CO.CH : CHC3H5. The latter serve to 
characterize the acyl pyrroles, 

a-Pyrryl methyl ketone, C4H3(CO.CH3)NH, melts at 90° and boils 
about 220°. Its oxime melts at 146°. Potassium permanganate 
oxidizes it to pyrrylglyoxylio acid, C4H3(NH) . CO . COgH, melting at 15®. 

a-Pyrryl ethyl ketone, C4H3NH.COC2H5, m.p. 112°. a-Pyrryl 
phenyl ketone, C4H3NH.COCeH5, m.p. 78®. 

Pyrryl dimetl^l diketone, C4H2{CO.CH3)2NH, melts at 162®. 
Potassium permanganate oxidizes it to psnrrole carbozylicglyoxylic 
acid, C4H2NH(C00H)C0.C00H. 

Dipyrryl ketone, CO(C4H3.NH)2, melting at 100®, is formed, 
together with iV-Pyrroylpyrrole, C4H4N.CO.C4H3NH, melting at 63°, 
upon heating iV-carbonylpyrrole. 

aa-Dipyrroyl, NHC4H3 . CO . CO . C4H3NH, yellow crystals, m.p. 200®, 
from pyrryl magnesium iodide and oxalyl chloride. 

8. Pyrrole Carboxylic Acids, — ^These resemble the phenol carboxylic 
acids, and are produced by perfectly similar methods: 

(1) By the oxidation of the homologous pyrroles when fused with 
caustic potash. 

(2) By the action of carbon dioxide upon the pbtassium derivatives 
of the pyrroles: 

C4H4NK +CO,=C4Ha(NH) . CO.K. 

(3) By the action of carbon tetrachloride ^.nd alcoholic potash upon 
pyrrole. 

(4) The esters of the homologous pyrrole carboxylic acids may be 
synthesized by the action of alcoholic ammonia upon y-diketocar- 

VOL. in. D 
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boxylic and dicarboxylic esters. The ammonia can be replaced by 
primary amines, amino-acids, hydroxylamines, phenyl-hydrazine 
(R»H, CH3, OH, NHCeHg, CHjCOOH, etc.) : 

CjHjO . CO . CH— COCH, jjaR . CO . C = C CH, 

C,H,0 . CO .iH-COCH, ^CjHjO .CO .(1==C ^ CH, 

(5) ®y reduction of a mixture of isonitrosoacetoacetic ester with 
acetoacetic ester (similar reactions: B. 26 , R. 597; 27 , R. 586) : 

CHjCO CHjCO CH,CO,R CHjC CCO,R. 

RO.CO.C : NOH ^ RO.CO.CHNHt COCH^ RO.CO.C . NH . CCH, 

According to this method, numerous p3nTolecarboxyhc acids and 
their pyrrole derivatives have been formed — from iS(?nitroso- 
acetonedicarboxylic ester and acetonedicarboxylic ester: Pyrrole-a/?i- 
diacetic-a^/0iidioarboxylic ester; from tsonitroso- (or amino-) acetophe- 
none and aceto-acetic ester: a^j^-Methylphenylpyrrole-Z^-carboxylic 
ester; from isoniiToso- (or amino-) acetophenone and acetone dicar- 
boxylic ester: /?]^-Phenylpyrrole-a^-acetic-carboxylio ester; from iso- 
nitrosoacetylacetone and acetylacetone : a^^-Dimethyl-aj j 5 -diacetyl- 
pyrrole; from tsonitrosodesoxybenzoin and acetoacetic ester: 
Hethyldiphenylpsnrole-^-carboxylic ester, etc. (B. 85 , 2998). 

{$b) Similar to this method is the formation of pyrrolecarboxylic 
acids from /^-aminocrotonic acid with a-ketols, or with a-diketones and 
a reducing agent : 

RO.CO.CH COCeH, RO.CO.C CCgHj . 

CHjCNH, CH(OH)CeH, ^ CH,C . NH . CC.H, ' 

from the condensation products of aminocrotonic ester with diketo- 
succinic ester we obtain by reduction with zinc dust a.-methylpyrrole- 
tricarboxylic ester (B. 85 , 1545). 

In the formation of pyrrolecarboxylic esters by condensation of 
a-chloroketones, acetoacetic ester, and ammonia (B. 23 , 1474), /5- 
aminocrotonic ester also seems to occur as an intermediate product, 
and to react with the a-chloroketones in a manner similar to the a- 
ketols (B. 88, 1125; compare also B. 44 , 493). 

The p}nTolecarboxylic acids readily part with carbon dioxide upon 
the application of heat, and yield the corresponding pyrroles. 

a-Pyrrolecarboxylic add, C4H3NH.COOH, melting with decom- 
position at 192°, is obtained in the form of its amide, melting at 176®, 
together with pyrrole when ammonium mucate is heated. 

Hydrazide, m.p. 232®; azide, C4H3NH.CON3, is transformed by 
boiling with alcohol into a-pyrrylurethane, (C4H3NH)NH.C02C2H5, 
ni-P- 56®, which, like the urethanes of amino-furan and -thiophen 
cannot be saponified to pyrryl amine (C. 1902, I. 1229). 

A cyclic double acid amide of a-pyrrolecarboxylic acid is Pyrocoll, 

CO<^^^>CO, melting at 268®. It is produced in the distilla- 
tion of gelatin {koXXo), and is artificially prepared by heating 
pyrrolecarboxylic acid with acetic anhydride. When it is heated with 
PCI3, perchlorpyrocoU, CjoCl^NgOa, is produced. The latter absorbs 
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eight additional chlorine atoms, and passes into the chloride, 
(C4Cl7NCO)a, which becomes tetrachlorpyrrole upon reduction (p. 32). 

jS-Pyrroleoarboiylio add, melting at 162®, is obtained by fusing 
methylpyrrole with caustic potash. 

Methylpyrrdecarboxylic adds, C4H2(CH3)NH.COOH. The a-acid 
melts at 169°; the ^-acid at 142®.* a,a^-Dimethylpyrrole-^-carboxylic 
ad^ C4H(CH3)2.NH.C00H, melts at 118®. Its ester is derived 
from the corresponding dicarboxylic esters by the removal of carbon 
dioxide. 

a^a^-Diphenylpyrrolecarboiylic add, C4H(C3N5)2NH . COOH, melting 
at 261®, is obtained from phenacylbenzoylacetic ester, CeHg.CO.- 
CH(C02R)CH2.C0.C3H5 (p. 636). a,aj-Pyrroledicarboxylic add, 
C4H2NH(C00^2» carboxypyri^lglyoxylic acid (p. 33), decom- 
poses at 200® into carbon dioxide and pyrrole. 

n-Phenylpyrrole-a-mono- and aa^-dicarboxylic adds are formed on 
heating aniline mucate, and easily split off CO2 (B. 86, 2529). 

a,aj-Dimethyl-i?,/?i-pymdedicatboxyUc add, 04(0113) 2NH(COOH) 2, 
from diacetosuccinic ester, breaks down at 251® into 2OO2 and 
dimethylpyrrole. a,/?i-Dimethyl-/ 3 ,ai-pyiToledicarbos^^ add, from 
acetoacetic ester with tsonitrosoacetoacetic ester, decomposes at 197° 
into 2OO2 and a,j 5 jL-dimethylpyrrole. cta^-DiphenyM^^.pyrrol^- 
carbozylic ester, melting at 152®, is produced when ammonia acts upon 
dibenzoylsuccinic ester (A. 293 , 107). 

aa^-Methyl- and aa^-phenylpyrryl propionic acid and aa^-pyrryl 
dipropionic add, from the fission product of furfural condensation 
products, acetonyl- and phenacyHaevulinic acid and di-laevulinic acid 
with NH3 (B. 85 , 2009). 

Fhonopsrrrolecarboxylic add, Hcemopyrrolecarboxylic acid, af 3 -Dt 

sL ij. 7 o j COgH.CH,.CHaC C.CH, 

methylpyrrylrp^-proptomc acxd * Hc NH c CH 

needles, very easily oxidized, m,p. 125®. On treatment with HNOj 
it passes into the imide of the tribasic hcematinic acid (Vol. 1 .) or its 
monoxime (A. 866, 255; 877 , 316.) 

Pyrrolene-phthalide, is pro- 

duced when phthalic anhydride and pyrrole are heated together 
(B. 19 , 2201). Its formiila is probably analogous to that of 
P5n:ocolL 

Hydropsrrrole Derivatives.— When pyrrole is reduced (zinc dust and 
acetic acid) two hydrogen atoms are added and dihydropyrrole or 
pyrroline, C4H7N, is produced. Further addition of hydrogen (by 
means of HI and phosphorus) leads to tetrahydropyrrole or pyrrolidine, 
C4H9N. The latter is formed direct by reduction of p3a*rol with H and 
finely divided Ni (C. 1906, I. 1436). The naturtfe of p5nTole is very 
essentially altered by this addition of hydrogen. Whereas pyrrole is a 
very feeble base, p5nToline and p3^rolidine, to even a greater degree, 
manifest the strong basic properties of the secondary amines of the 
aliphatic series. 

The addition of hydrogen probably occurs in the aa^^- or 2 : 5-position 
in the transformation of p5nToles into pyrrolines, similarly to other 
substances with conjugate ethylene linkages (B. 84 , 3954). 
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2\yDihydYopyfroles have been obtained synthetically from the 
unstable y-aminoketones and y-bromoketones with NHg and primary 


amines: 


CH,— CHjBr 
CH,— CO.CH, 




They are only distinguished from the 2:5-dihydropyrroles obtained 
in the reduction of pyrroles by the fact that they easily resinify in air, 
and are reduced to the corresponding pyrrolidines by tin and HCl alone. 
By treatment with benzoyl cliloride and soda the 2 :3“dihydropyrroles 
are easily split to y-benzoylaminoketones. This splitting is especially 
easy in the case of the iV-arylated-2:3-dihydiopyrroles, which are 
only stable in the form of their salts (J. pr. Ch. [2], 75 , 329). 

CH =CHv 

Pyrroline, 1^ /NH, is a liquid that dissolves readily in 

0H2 — cHj 

water and boils at 91^^. It has an alkaline reaction, smells like am- 
monia, and unites with acids to form salts. It is a secondary base. 
Nitrous acid converts it into a nitrosamine, C4HgN(NO), melting at 38°. 

Pyrroline and methyl iodide unite to dimethyl-pyrrol inium iodide, 
C4HeN(CH3),I. , 

iV-Methylpyrroline, C4HgN.CH3, is formed by the reduction of 
methylpyrrole. It boils at 80°. 

Pyrrolidine, Tetramethylene-imine, I /NII, as well as its 

homologues, have already been described in connection with the 
aliphatic bodies. In addition to the methods there given for its pro- 
duction, another may be introduced at this point. It represents a 
transition of the six-membered piperidine ring into the five-membered 
pyrrolidine ring. Piperidine or pentamethylene-imine combines with 
alkyl iodides, forming dimethyl-piperidinium iodide, the hydroxide of 
which, upon distillation, changes to a compound with an open chain, 
pentenyldimethylamine. The hydrochloride of the latter readily 
recirranges itself into the methochloride of iV,a-dimethylp5n:rolidine: 


CHj— CH.— N(CH,),OH CH*— CH.— N{CH.). CH.— CH.— N(CH,), CH.— CH. 

I I ** -j-I * ->1 * * ' * \n(CH,)*CI. 

CH,— CHj— CH, CH,— CH-CH, CH,— CHCl.CH, CH,— CH(CH,)/ 

Other unsaturated amines analogous in constitution to A* -pentenyl- 
dimethylamine can be changed by HCl to pyrrolidine bases (Merling, 
A. 264, 310; 278, i; compare B. 38 , 365). In a manner resembling the 
above conversion of piperidine, pyrrolidine is broken up by treatment 
with methyl iodide and distillation of the resulting dimethyl pyrroli- 
dinium ioide with caustic potash. This gives Ay-butenyldimethyl- 
amine and the methiodide of the latter, distilled with potash, gives 
trimethylamine and an unsaturated hydrocarbon, the so-called 
pyrrolylene, C 4 H 3 (B. 19, 569 ). Similarly, j^-metbylpyrrolidine (see 
Vol. I.) has been broken down to /?-methyl divinyl or isoprene (C. 
1898, I. 247) ; AT-benzoyl pyrrolidine, b.p.^g 191°, is split up by PCI5 or 
PBrg to a6-dichloro- and aS-dibromobutane respectively (B. 89, 1419 ) : 

(CHO^N.COCeH, > > C1(CH,)4C1 +NC.C,H„ 



PYRROLE GROUP 


37 

Compare the action of PCI5 upon dimethylbenzamide; also 
piperidine. 

a-Methylp3rrrolidine, b.p. 95"*, from y-amino-valerolactam by 
reduction with sodium and amyl alcohol, and from y-methyl-dihydro- 
pyrrole with tin and HCL On heating with zinc dust it 5delds a-methyl 
pyrrole (C. 1904, 1. 42, 292). a/9^-Dimethylpyrrolidine, b.p. 
aa,iV-trimethylpyrrolidine, b.p. io9°-ii3° (B. 84 , 3498). iV-Methyl 
P3rrrolidine, (CH2)4NCH3, b.p. 79°, has been obtained from methyl-n- 
butylamine: CH3.CH2.CH2.CH2NHCH3 by successive bromination 
with sodium hypobromite and splitting off of HBr by means of con- 
centrated H2SO4 (B. 42 , 3427; 48 , 2035). It is also formed by the 
breaking up of the alkaloid nicotine {q.v), an a,2-P5rridyl-iV-methyl 
P 3 rrrolidine, with silver oxide (B. 88, 1951), and by heating hygrinic acid 
(see below). 

CHsi—CH(COOH)— V 

Proline, Pyrrolidine -a -carboxylic acid, 1 ^nh, 

m.p. 203° (see Vol. L), is found in its laevo-rotatory form among the 
hydrolytic decomposition products of numerous proteins — e.g., casein 
(C. 1904, I. 293) and gelatin (B. 87 , 3071). Synthetically, ^-proline, 
whose m-nitrobenzoyl compound has been split up into its optically 
active components by means of cinchonine (B. 42 , 2992), has been 
obtained from a,8-dibromo-propylmalonic ester, BrCH2CH2CH2. 
CBr(C02R)2, with ammonia and subsequent saponification with HCl 
or baryta-water (A. 826 , 91); alsp from 6-bromo-a-amino-valerianic 
acid, the fission product of bromo-propyl-phthalimido-malomc ester 
(C. 1908, II. 806) ; and from 8-benzoyl-amino-a-bromovalerianic acid 
(B. 42 , 1022). We may note the conversion of pyro-glutaminic acid 
pyrrolidone-a-carboxylic acid, Vol. I.) into proline by reduction of its 
ester with Na and alcohol (B. 44 , 1332). A dipeptide (also obtained 

( I 

synthetically) — viz. , /-prolyl-/-phenyl-alanine» NH . CHg . CHg . CH . - 
C0NHCH(C02H)CH2C3H5 — has been found among the hydrolytic 
fission products of gliadin (B. 42 , 4752). An oxyproline, C5H3O3N, 
which on reduction with HI and P passes into proline, is found besides 
proline in the hydrolysis of numerous proteins (B. 41 , 1726). 

V-Methyl-pyrrolidiDe-a-carboxylic acid, hygrinic acid, m.p. 169°, is 
obtained by oxidizing hygrin, the alkaloid found in coca leaves; 
synthetically, it is formed similarly to proline (see above) from 
aS-dibromopropylmalonic ester with methylamine (A. 826 , 91). 
Heat decomposes it into COg and iV-methylpyrrolidine (see above). 

The methyl betaine of hygrinic acid is stachhydriiie, 
CHj — CH-v;;- CO \q 

’ which has been isolated from the bulbs of 

L/ri2 — 

Stachys luherifera and from the leaves of Citrus aurantium (B. 42 , 

4654)- 

iV-Methylpsnrrolidine-aai'dioarboxylic acid, m.p. 274° with dec., 
from aa'-dibromoadipinic ester with methylamine (B. 85 , 2065). 

^-Methylpyrrolidhie-aaj^-acetic-carboxyuc acid is identical with the 
tropinic acid formed by the oxidation of tropine and ecgonine (B. 81 , 
1534; 82 , 1290). 



38 


ORGANIC CHEMISTRY 


tn.p. 220° with dec. The amide of this acid is formed from tetra- 
methylpyrrolinecarboxylic amide by reduction with sodium amalgam. 
With KOBr the amide yields /?-aminot6tramethylpyrrolidine» b.p. 174®, 
a strong di-acid base. On splitting the ring by means of CH3I the 
amide yields the open chain compound, I(CH3)3NX(CH3)2CH2- 
C(C0NH2):C(CH3)2; the free acid, even on heating only, splits off 
CO2 and opens the ring, forming the compound, H2N.C(CH3)2.CH2- 

.CH:C(CH 3 ) 2 (B. 86,3351). ^ 

The lactams of the y-amino-acids, like butyrolactam, a-Pyrro- 
lidone, regarded as a-keto-pyrrolidines. 

These have already been described in Vol. I. 

A j8-keto-p5n:rolidine is found in tetramethyl-)9-ketop3nTolidiiie, 

^*P. obtained from tetramethyl-/?-pyrroline 

carboxylic acid with Br and alkali, and shown to be a lower ring 
homologue of triacetoneamine. It has a decidedly basic character; 
its oxime, m.p. 172°, reduces to ^-aminotetramethylpyrrolidine 
(A. 822 , 77 ). 

aaj^-Diketopyrrolidines are found in the imides of the succinic 
series, like succinimide ^0. 

a,) 5 -Diketopyrrolidines are produced by the reduction of the a) 5 - 
diketopyrrolines with Zn dust and acetic acid; also in the condensa- 
tion of oxalacetic ester with aldehydes and ammonia or primary 
amines— ^.g., a,^. 4 iketo-a^-plieiiyl->i?jL*Pynolidine carboxylic ester, 

/CO CO 

nN<^ I , melting at 185° (B. 30 , 602; C. 1907, II. 

N:H(CeH6)— CH(CO,R) ^ v » / 

CO —CO 

1787). Xanthoxalanil, 24 , 1252), the anil of 

oxalacetic acid, is a triketo-pyrrolidine. 


CONDENSED NUCLEI OF THE FURAN, THIOPHEN, AND 
PYRROLE GROUPS. 

When two adjacent C-atoms of a furan, thiophen, or p3Trole 
nucleus participate in the formation of a benzene, naphthalene, etc., 
^oup, condensed nuclei result, which bear the same relations to the 
simple heterocyclic rings that the condensed nuclei of the naphthalene, 
phenanthrene, and anthracene groups bear to benzene. 

The following condensed nuclei are derived from furan, thio- 
phen, and pyrrole : 


4 4 4 



.Benzofuran, Coumarone. BenzothiopbeD* Btfnzop3^oie, Indoto. 
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Dibenzoftiran, Dibeneothiophen, 

Dipheaylene oxide. Diphenylene sulphide. 



Condensed nuclei further axe known in which two heterocyclic 
rings also participate in the formation of a benzene nucleus — e\g., 
benzodifuran and benzodipyrrole derivatives. 

Coumarone and indole should be especially mentioned as the parent 
substances of important groups. Indole is the mother substance of 
indigo. These two bodies will be considered together with benzo- 
thiophen. Next will follow the groups of dibenzo-compounds: 
diphenylene oxide, diphenylene sulphide, and carbazole. 


5. BENZOFURAN OR COUMARONE GROUP. 

The coumarone compounds, as their name would imply, are pro- 
duced: 

(i) By the action of alcoholic potash upon coumarin dibromides or 
a-brom-coumarins (Fittig, A. 216 ,, 162): 

.CH:CBr XR 

I V.C0*H Sen {a) 

^—O.CO \ 0 / 

a-Bromocoumarin. Coumarilic Acid. Coumarone. ' 


Other coumarins react similarly — e.g.y umbelliferone, aesculetin, 
and daphnetin. 

It is very certain that a-brom-o-hydroxycinnamic acid and its 
homologues occur as intermediate products. These split off HBr and 
form the coumarone ring. The formation of benzoylcoumarone, 

z' CH* 


CeH^ 


^^C.COCeHj, from o-acetoxybenzalacetophenone dibromide 


and caustic potash, as well as by the condensation of salicylaldehyde 
and W'bromacetophenone by means of caustic potash, proceeds 
analogously (B. 29 , 237, R. 290). 

(2) Other o-disubstitution products of benzene combine to yield 
a coumarone ring. Caustic potash converts o-hydroxy-w-chlorostyrene 
into coumarone (B, 26 , R. 678) : 


/CH=CHC1 XR 

CoH 4<; > CeH*/ >CH, 

^OH \ O 

(3) By heating o-aldehydo-phenoxy-acetic acid with sodium 
acetate, coumarilic acid results (B. 17 , 3000) : 


/CHO 

.CH2X0,H 


Vh XOOH. 
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An analogous reaction is presented by the acetic-acid derivatives 
of o-hydroxyketones (B. 42 , 901). 

(4) The synthesis of hydroxyacetocoumarone, however, from fur- 
fural-laevulimc acid represents a benzene ring formation (B. 26 , 345) : 

XH— CH HO.CO— CH, XH— C[i?]— C(OH) =CH 

CH/ II I >CH<' II I 

\0 C— CH===C.COCH, X C[a]— CH=( 

FurfuraMaevulinic Acid. Hydroxyacetocoumarone, m.p. 190®. 

(5) The action of zinc chloride in glacial acetic acid upon phenoxy- 
acetal produces coumarone: 


CeH4 


^OCHj.CH(OCiH 


6)2 







CH. 


By this method numerous alkylated coumarones are obtained by 
condensation of the homologues of phenoxy- acetal and of phenoxy- 
acetone, CfiH. . O . CHoCOCHo, and its homologues by means of sul- 
phuric acid (A. 812 , I37). 

(6) Just as the coumarins are formed from phenol and malic acid 
or acetoacetic ester, so the coumarones are obtained from the sodium 


salts of the phenols with a-chloracetoacetic ester (Hantzsch, B, 19 , 
1291): 


/CH. 

/H CO.CH. 

+ 1 ^ C6H4 

ClCH.COaR 

Sodium o-Chloraceto- ^-Methylcoumarilic 

Phenate. acetic Ester. Ester. 


O 


C.COgR 


Resorcinol and two molecules of the ester yield a henzodifuran, 
pyrogallol with three molecules of the ester form a benzotrifuran, 
while a naphthofuran is obtained from naphthol. 

A perfectly similar reaction is noticeable in the production of 
coumarone and benzodifuran derivatives from quinones and 
chlorinated quinones — e,g., chloranil, when heated with acetoacetic 
ester (J. pr. Ch. [2], 45 , 67; A. 283 , 245). 

Coumarone, CgHgO, boiling at 177®, is formed by distilling coumarilic 
acid with hme. It is obtained from o-hydroxy-w-chlorstyrene ; from 
phenoxylacetal with zinc chloride (B. 80 , 1703), as well as from coal- 
tar, which also yields several methylcoumarones (B. 38 , 3014; C. 1907, 
I. 1426). 

Coumarone polymerizes easily, especially under the influence of 
concentrated sulphuric acid, to so-called coumarone resins, which 
regenerate coumarone on dry distillation, with partial carbonization 
and formation of phenol. Similar behaviour is shown by the homo- 
logous coumarones (B. 88, 2257, 3^13) • Heating with alcoholic potash 
to 200° splits up coumarone, forming o-ethylphenol and o-hydroxy- 
stjrene, as well as o-hydroxyphenyl acetic acid and o-hydroxyphenyl- 
ethyl alcohol, and its anhydride, hydrocoumarone (B. 84 , 1806; 
86 , 1630). 

With chlorine and bromine, coumarone gives dihalogen addition 
products, CgHgXgO, the dibromide melting at 86°. They easily pass 
into monochloro- and monobromo-coumarone. The monochloro- 
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coumarone is probably a mixture of a- and ^-chlorocoumarone, since on 
heating with alcoholic alkali to i8o°-i90° it 3delds, among other 

products, /9-keto-dihydro-coumarone, CeH4<^>CH*, and o-hydroxy- 
phenyl-acetic acid, whose lactone, yields with PCI5, 

pure a-chlorocoumarone. On treating coumarone dicWoride with 
sodium acetate, it splits up to form o-hydroxy-mandelic aldehyde, 

C.H,{g?g|oH)CHO. ”>■?■ 64” (A. 813 . 75). H..ted by itself, 

coumarone dibromide gives exclusively a-bromocoumarone, liquid, 
b.p. 22i°-223°, which is also formed from e-hydroxyphenylacetic 
acid lactone and POBr3, and which splits up to o-hydroxyphenyl- 
acetic acid on heating with alcoholic potash. With alcoholic 
potash, on the other hand, coumarone dibromide yields chiefly 
/^-bromocoumarone, m.p. 39°, h.p. 219^-220®, which on heating 
with alcoholic potash gives i?-ethoxycoumarone, but also a-ethoxy- 
coumarone and o-oxyphenylacetic acid (B. 35 , 1633). 

Nitrocoumarones . — If a-bromocoumarone is exposed to NgOg vapour, 
bromine is liberated and a-nitrocoumarone is formed, m.p. 134° i it is 
also obtainable in small quantity by the nitration of coumarone; 
whereas /5-bromocoumarone with N2C^3 yields a-nitro-^-bromocouma- 
rone, m.p. 132°. On treatment with Na ethylate solution, a-nitro- 
coumarone is changed into the monoxime of coumaranedione, 
>CeH4|Q^^C:NOH. Compare the analogous trans- 
formations of 7 “ nitrostilbene, a- and p - nitronaphthalene, 9 " nitro- 
phenanthrene, and 9-nit ro-anthracene (B. 35, 1633). • 

Numerous coumarones alkylated in the benzene nucleus and 
furan nucleus have been synthesized by the above method: a-memyl 
coumarone, b.p. 190®, from a-phenoxypropionic acetal; and ^-methyl 
coumarone, b.p. 193°, from phenoxy-acetone, and from methylcouma- 
rilic acid. Out of fifteen possible dimethyl coumarones, eleven ^e 
known: aj^-dimethylcoumarone, b.p, 210°, from dimethylcoumanlic 
acid. Others are two ethyl-, four trimethyl-, one isopropyl-, one 
tetramethyl-, and two methyl-isopropyl^coumarones, as ^ 

a- and a ^-naphtho-furan, CioH6{[2]eH/^^ 
m.p. 7° and 61® resp., b.p. 283° and 285° (A. 312, 237)^ a-Wenyl 
coumarone, m.p. 121°, from sodium salicylaldehyde and phenyl chloro- 
acetic acid by method 3 (B. 36, 3979). ^ ^ 

/ 9 -Pbenylcoumarone, two modifications, m.p. 13*^ and 42 resp., 
b.p.g 163°, from o-hydroxy-^is-diphenylethylene by treating its dibro- 
mide with Na alcoholate (B. 36, 4004). Both phenylcoumarones are 
also formed from o-hydroxy-diphenyl acetic acid lactone by heating 
with PBi-g (B. 36 , 4006). aj^-Diphenyl coumarones — e,g., methyMso- 
propyUdiphenyl coumarone— m.p, 116°, have been obtained by the 
condensation of phenols and benzoin by means of sulphunc acid 
(C. 1899, II. 250): 

(CH,) (C.H7)C.H,{ 

a^cetylcoamarone, C8H50{C0CH3), m.p. 75°, is obtained from 
salicylaldehyde by means of chloracetone. With Br it gives a bro- 
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mide, CgH50{C0CHaBr), which condenses with a second molecule of 
salicylaldehyde to diooum^l ketone» {CgH50)2C0, m.p. 154° (A. 812 , 
333). Acetylcoumarone is reduced by Na and alcohol to hydro- 
coumarylmethylcarbinol and to 0-liydroi3np]^®Wl-s^^-hutyl alcohol, 
H0.C«H4CH2CH2CH(0H)CH8 (B. 86, 2863). 

a-Benzoylconmarone, CgHfiO(COCgH6), melting at 91®, obtained 
from o-acetoxybenzalacetophenone dibromide, as well as in the 
condensation of salicylaldehyde with phenacyl bromide, is decom- 
posed by fusion with caustic potash into coumarone and benzoic acid 
(B. 29, 237, R. 290). « . ^ ^ X 

a-CoumarilicacidjCgHgO.COOH, melting at 190 , is obtained from 
a-bromocoumarin. Ester, amide, chloride, hydrazide, azide (see 
B. 84, 773). The azide, with alcohol, gives coumaryl urethane, which 
on saponification splits up to o-hydroxyphenyl acetic acid. 

i^-Methyl-a-coomarilio add melts at 189°. Its ethyl ester is produced 
on heating sodium phenoxide with acetoacetic ester (see above). It 
melts at 51®. 

i,24-TricWoiX)-3-<ay-/?-methyl-<KHimaii^ Add, CoChpH) 

melting at 258®, is prepared from chloranil and acetoacetic ester. 

Hydrocoumarones , — Dihydro-coumarone, coumaran, c,H4<^q*>cHj. 


C^CH3 

<o>C-CO^H. 


b.p. 189°, is formed with o-ethylphenol by reducing coumarone with 

sodium and alcohol (B. 25, 2409). Synthetically, it is obtained from 
the HBr ester of o-hydroxyphenylethyl alcohol with soda, and from 
o-bromo-phenylbromethyl ether, BrCgH40CH2CH2Br, with Na in 
ether. The latter method has also been used for forming B^-methyl- 
coumarans (B, 86, 2873). a-Phenylcoomaran, C8H70(C^H5), m.p. 32®, 
from a-phenylcoumarone with Na and alcohol, together with o-hydroxy- 
dibenzyl. ^-Phenylcomnarane, m.p. 38®, b.p.14 167®, from a-chloro-^- 
phenylcoumarone, C8H4C10(CgH6), the result of the action of PCI5 upon 
o-hydroxydiphenylacetic acid lactone (B. 86, 3992). 

/^-Anunocoomaran, CgH^O.NHg, b.p.^g 122®, by reduction of 
/?-coumaranone oxime (B. 89, 496). (^omaran-a-carboxylic add, hydro- 
coumarilic acid, CgH^O.COgH, m.p. 116*5®, is obtained by reducing 
a-coumarilic acid with Na amalgam. A derivative of coumarane is 
probably represented by catechm, already mentioned in connection 
with tannins, for which the following constitution has been suggested: 


'(CH,0),[3.4lCeH,[iTc^*(0I^^ 4007)- 

Compounds resembling catechin in constitution have been obtained 
by the condensation of coumarane with benzoyl chloride and AlClg 
and subsequent reduction with zinc dust and alkali (B. 41, l33o; 


42, 911). 

a-S[eto-diliydro-ooimia]X>ne,a-K^amai^ is prob- 


ably represented by o-hydrox}q)henylacetic add lactone. 

/?-Eeto-diliydro^K>amarone,i?-^umaranone,C 4 H 4 <^Q^^H,, m.p. 97 ®, 
is obtained (i) from o-hydroxy-w-chloracetophenone, 


oil heating with sodium acetate (B. 88, 1081 ; 41, 4273 ; 48, 214) ; (2) by 
the condensation of phenoxy-acetic acid, CgHgOXHgCOgH with PgOg 
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(B. 88» 3176) ; (3) from its carboxylic acid, whose ester, j^-coomaranone- 
a-carboxylic ester, c.H4<^^|^)>chco,c,H 5, m.p. 66^ is obtained by 

condensing phenoxy-acetic-o-carboxylic ester by means of sodium 
(B. 82 , 1867; C. 1900, I. 495; A. 812 , 258). I-, 3-, and 4-methyI- 

<X)umaranones,CH,CeH,<^Q^^H,, m.p. 102°, 85° and 54° respectively; 

i,4-dim6tliyl couiuaranon^m.p. 75^. Br-dibydrozy-coomaranone, m.p 

226®, from p5n*ogallol and chloracetic acid with POCI3 (B. 87 , 817). 

Naphthocoumaranone, CioH^(C2H202), m.p. 92°, from 2-bromaceto- 
a-naphthyl acetate (B. 80 , 1468). 

a-Mono- and oa^-dibromo-ooumaranones, m.p. 86° and 142°, are 
produced by brominating coumaranone. 

a-Nitro-coumarimone is obtained in the form of its potassium salt, 

: NOOK, from a-nitro-jS-bromocoumarone by reaction 

with dialkylamines and heating the resulting compounds with 
alcoholic potash (B. 42 , 200); with benzaldehyde, coumaranone 
condenses to a benzylidene compound, m.p. 108°, with j^-nitroso- 
dimethylaniline to a dimethyl anil of coumarandione (see below). 
Numerous substituted benzal coumarones have been obtained from sub- 
stituted benzal-o-hydroxy-acetophenone dibromides (B. 31 , 699, 1759; 
32 , 309, 2257). The dibromides of the benzal coumaranones are changed 
by dilute alkali into flavonol (B. 43 , 4233). On acylating coumaranones 

xC—OCOR 

in alkaline solution we obtain i 9 -acylozycoumarones, C5H4 <^^ch ; 


the isomeric C-acyl compounds, CeH4<^Q^^^^^C.COR, are obtained 
by the action of potassium carbonate upon o-acyloxy-w-chloraceto- 
phenones, (B. 43, 2192). 

Coumaranone dissolves in alkalies with formation of salts of 
/ 5 -oxycoumarone ; in air, this solution rapidly takes a blood- red 
colour by simultaneous condensation and oxidation, the first pro- 
duct being a keto-dihydro-bis-coumarone, CeH4<^Q^^CH— 
which absorbs oxygen and easily passes into ^oxy-bis-coumarone, 

m.p. 185°, orange-yellow needles. 

The latter, on further oxidation with H2O2, yields the 
oxygen analogue of Indirubin, the so-called Oxindiriabin, 

^ m.p. 215°, orange-yellow needles subliming 

without decomposition, also obtained by condensation of )?-coumara- 
none with coumarandione or hydroxyphenylgiyoxylic acid with 
concentrated sulphuric acid (B. 48 , 212; 44 , 114). 

Cou m arandione,* yellow plates, m.p. 134°, is the 

lactone of o-hydroxyphenylglyoxylic acid, from which it is obtained 
by heating with P2O5 in benzene solution br by vacuum distillation 
(B. 45 , 154), Coumarandiones alkylated in the benzene nucleus have 


* The particulars concerning coumarandione given on p. 390. Vol. II., have 
turned out to be erroneous (see B. 45, 162). 
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been obtained from substituted o-hydroxyphenylglyoxylic acids by 
heating with P2O5 in benzene solution. 

2- and 3-Methylcoumarandiones, m.p. 112° and 149° (see B. 42 , 

234). 

Coumarandione-a-/)-dimethylaminoanil, CeH4<^Q^^c : nc,H4N (ch,),. 


from ^-coumaranoneandj!)-nitroso-dimethyl aniline, unites with i mol. 
^-coumaranone to form a compound, C24H20O4N2, m.p. 203® with dec., 
which is split up by HCl into ^-amino-dimethylaniline and the oxygen 
analogue of indigo : 

Oxindigo, aa-bis-coumaran-jS/S-dione, CeH4<^Q^^c : c/^^CeH4. 
lemon-coloured prisms, m.p. 276®, subliming without dec. in the form 
of a yellow vapour. It is also formed from potassium a-nitrocoumarone 
on boiling with water or treating with Br or I (B. 44 , r 

Dimethyl -benzo-difuran-dicarbozylic ester, Cei 



from resorcinol and chloracetic acid ester, a-compound, m.p. 186®, p- 
compound, m.p. 141°. Trimethyl-benzo-trifaran-tricarboxylic ester, 

m.p. 297® with dec. From phloroglucinol and 


fC.CH, I 
'•|o>CCO.Rf 


chloracetic ester. 


6 . BENZOTHIOPHEN OR THIONAPHTHEN GROUP. 

The most important substances of this group have only recently 
become known through the investigations of P. Friedlander, who dis- 
covered in the sulphur analogue of indigo blue — viz., thio-indigo 
red and its derivatives — a class of commercially important vat dyes. 
The compounds of this group bear the same remarkable resemblance 
to the naphthalene derivatives as do the compounds of thiophen 
to the benzene derivatives. 

ycn(p) 

Thionaphthen, Benzothiophen, C4H4\^^CH(a), m.p. 32®, b.p. 221® 

(C. 1897, II. 270) has an odour resembling naphthalene; it is formed 
like coumarone from o - hydroxy- w - chlorostyrene (see above), through 
the o-sulphydryl-w-chlorostyrene, which has only been isolated in the 
form of its xanthogenic ester (B. 26 , 2809) : 

=CHC1 ^ c.H.< C3 CH . 

It is formed by reducing the easily accessible ^-hydroxy-thionaph- 
then with zinc dust and glacial acetic acid (B. 41 , 230). It has also 
been found in tar from lignite (C. 1902, II. 804). 

4 -Hydroxy-^onaphthen, CgHg(O^S, m.p. 72°, is formed by con- 
densing thiophenaldehyde with succinic acid, as is acetoxj'coumarone 
from the condensation of furfural and laevulinic acid (B. 19 , 1619): 

CH— CH HOCO CH, -COj ^ CH — C.C(OH) : CH 

CH.S.CCHO ^ CHjCOOH — sHzO CH.S.C.CH==CH. 
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m,p. 71°, 

colourless needles. Modes of preparation : (i) From j^-hydroxy-thio- 
naphthen-a-carboxylic acid, by elimination of COg (A. 851 , 408); 
(2) from /?-amino-thionaphthen or its carboxylic acid on boiling with 
dilute mineral acids; (3) from phenyl thioglycollic acid by treating with 
fuming sulphuric acid or chlorosulphonic acid; but this last reaction 
is only suitable for forming substituted )5-hydroxy-thionaphthens 
from those phenylthioglycollic acids in^ which sulphonation is excluded 
by the substituents present. A better method is (4) from phenyl- 
thioglycollic acid chloride and AICI3 (C. 1908, 1 . 1811) : 

CHj.COCl ^ 

(5) from methyl-thiosalicylic a«id on melting with caustic alkalies, 
best by adding a condensation agent like disodium cyanimide, lead 
sodium, etc. (C. 1908, II. 552) : 


CeH 


/COOH 
*\s— CHj 


>CeH 


/C(OH)\ 
*\S / 


CH. 


/?-Hydroxy-thionaphthen behaves like a-naphthol. It smells 
similarly, volatilizes in steam, and yields with diazonium salts, azo- 
dyes resembling the azo-derivatives of a-naphthol. In alkaline solu- 
tion it oxidizes even in air, more easily with potassium ferricyanide, 
ferric chloride, etc., forming thio-indigo red: 

+20=C,H«<^^°^C;C(^^^C,H4+2H,0. 


a-Bromo-i 3 *hydroxy-thioiiaphthen, CgHjOSBr., m.p. 88°, and a-di- 
bromo-/ 7 -keto>dih]rdio-thionaphthen, CgH40SBr2, m.p. 132°, by 
bromination of /?-hydroxy-thionaphthen (B. 41 , 227). Both easily 
pass into thio-indigo red by splitting off HBr and Br^ respectively 
(M. 29 , 371). 

In many cases /?-hydroxy-thionaphthen reacts in the desmotropic 
form as /}>keto-diliydro-thionaphthen, Thus it 5delds 

with aldehydes and ketones coloured condensation products built like 
the indogenides (see below), and therefore called Thio-indogenides. 

The benzylidene compound, C,H4<(^g®^C : CHC,H,, m.p. 127°, occurs 
in yellow needles (M. 80 , 347) ; with thionaphthenquinone, /J-hydroxy- 
thionaphthen unites to form tbio-indimbin, ; 

with isatin to form thio-indigo scarlet, and 

with acenaphthenequinone to form the orange-coloured a-tbio- 
naphtben aoenaphthene indigo or dba scarlet G, C4H4/g 
(B. 41. 3331; M. 29, 373). 

With nitrous acid, jS-hydroxy-thionaphthen yields tbionapbtben- 
doinone-a-monozime, and with aromatic nitroso-compounds thio- 
naphthen-doinone-a-anils. 
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c— 

a-Hydioxy-thioiiaphthen-i^-aldehyde, c,H4<'g^C(OH), m.p. 130°, is 

formed on splitting up ^-thionaphthene-o-indole indigo with alkalies 
(B. 41 , 1038). 

^-Hydiozy-thionaphthen-a- carboxylic acid,c, 

methyl ester, ‘m.p. 104°, is formed from o-carboxyphenylthioglycollic 
acid on melting with caustic alkalies or on heating with acetic anhy- 
dride and sodium acetate to 40® to 50° (A. 851 , 405) : 


CnH. 


•<; 


COOH 

,S— CHj.COOH' 


• \ c.CO.H. 


It easily splits up into COgUnd ^-hydroxy-thionaphthen, and there- 
fore yields with aldehydes, HNOg, etc., the same reaction products. 
Oxidation also yields thio-indigo red. 

i^-Amino-thionaphthen, oily, with an aceto- 

compound melting at 169°, smells like a-naphthylamine. It is formed 
by splitting off CO2 from ^^-amino-thionaphtlien'-a'-carbozylio acid, 
C8H4S(NH2)C02H, m.p. 146°, without dec. The latter is obtained by 
saponifying o-cyanophenylthioglycollic acid by means of dilute 
alkalies or cold concentrated H2SO4: 


Wl4\s^H,.C02H 






CO,H 


■] — > .CO,H. 


On heating with dilute mineral acids, ^-amino-thionaphthen 
easily passes into /S-hydroxy-thionaphthen (A. 351 , 412; C. 1908, 

l . 4^4)* 

Thionaphthenquinone, ap - Diketo - dihydro - thionaphthen, 

yellow prisms, m.p. 121®, b.p. 247®. (It should not be 

called ** thio-isatin” ; see thio~isatin, p. 63.) Preparation: (i) From 
thionaphthenquinone-a-anil (see below) by splitting up with dilute 
minerd acids (C. 1909, II. 1603 ; B. 43 , 1370) ; (2) from thionaphthen 
quinone-a-oxime (^sonitroso-thio-indoxyl) by hydrolysis with 50 per 
cent. H2SO4, or better by reducing to a-amino-jS-hydroxy-thionaphthen 
and oxidizing with ferric chloride; (3) from the a-dibromo-^-keto- 
dihydrothionaphthen by boiling with water or lead acetate solution 
(B. 41 , 234; C. 1909, II. 767). 

Thionaphthenquinone resembles isatin in its behaviour. Like 
the latter, it gives, with thiophen and concentrated H2SO4, a dark-blue 
coloration. With hydroxylamine and phenylhydrazine it reacts to 
form thionaphthenquinone /?-oxime, C8H40S(: NOH), m.p. 186®, and 
thionaphthenquinone ^-phenylhydrazone, C8H40S(: N.NHCgHg), 

m. p. 166®. No dioxime or diphenylhydrazone is formed. On the 
other hand, the thionaphthenquinone a-ozime or isonitroso4hio- 

indoxyl, CeH4<^^^\c : NOH, m.p. 172® with dec., obtained from 
/9-hydroxy-thionaphthen with HNOg, yields with phenylhydrazine the 
thionaphthenquinone a-oxime ^-phenylhydrazone, CqH 4S(; NOH)- 
( : NNHC,H,), m.p. 154° (C. 1909, II. 1393). 
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Thionaphthenaiiiiioiie a -anil, : nc,h„ m.p. 151®, 

from a-dibromo-i^-keto-dihydro-thionaphtheii and aniline; the p 
mono-and dialkylamino-a-aniles of thionaphthenquinone have been 
obtained by the condensation of /?-hydroxy-thionaphthen with 
^-nitrosoalkylanilines (B. 48 , 1370). 

With ^-hydroxy-thionaphthen, indoxyl, and similar compounds with 
reactive methylene ^oups, thionaphthenquinone unites with elimina- 
tion of water to form indigoid dyes, the carbonyl in the /3-position always 
coming into reaction. Thio-indirubin, ap-bisthionaphthen-pa-dione 

needles, m.p. 206° (M. 29, 373), /3-Tliio- 

xiaphthen-a-indole-ai3-dione, 

The isomeric dyes are formed by the reaction of the same com- 
poimds with a-dibromo-/3-keto-dihydro-thionaphthen or thionaph- 
then quinone-a-anils (see thio-indigo red). 

Thio-indigo red, (P. Friedlander, B. -89), 

the sulphur analogue of in^go blue, is, like the latter, a vat dye, 
colouring the fibre in dull violet tones, and industrially valuable 
on account of its permanence. It crystalhzes from nitrobenzene 
in brownish-red, shining needles, melting above 280°, and subliming 
even below that temperature. At higher temperatures it changes 
into an orange vapour and distils almost without decomposition. 
Its solutions show a strong yellowish-red fluorescence. 

Modes of preparation (see Chem. Ind, 82, 565) : (i) By the oxida- 
tion of /J-hydroxy-thiophenaphthen or its carboxylic acid in alkaline 
solution by atmospheric oxygen, or better by potassium ferricyanide, 
ferric chloride, etc. : 

/C(OH) ,0 /CO CO 

> CH \c : >CeH,. 


(2) By condensing the acetylenebis-thiosalicylic acid obtained 
from dichloroethylene and thiosalicylic acid by means of acid con- 
densing agents such as chlorosulphonic acid (C. 1909, 1. 605) : 


,COOH HOCO. 

yCH : CHv >CeH4 

S \ 



(3) By oxidation of o-thiolacetophenone by atmospheric oxygen in 
alkaline solution (C. 1908, 1. 2118): 


2C,H4 


.CO— OH, 
^SH 


> 



C.H*. 


This method is specially suitable for obtaining the industrially 
important alkoxy-derivatives of thio-indigo red (C. 1908, II. 1659). 

The following modes of preparation have only a theoretical interest : 

(4) Treatment of thionaphthenquinone a-anil with CSg in acetic 
acid solution, with elimination of siflphur (M. 29, 371). 
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(5) Condensation of a-dibromo-/?-keto-(iihydro-thionaphthen or 
thionaphthenquinone a-anil with ^-hydroxy-thionaphthen. 

On treating thio-indigo red with zinc dust and alkali, or an alkaline 
hydrosulphite solution, we obtain a feebly yellow solution from which 
acids precipitate thio-indigo white, CjoH^oOgSg, insoluble in water, 
easily soluble in alkalies, and returning to thio-indigo red by oxidation 
in air. Since it is also obtainable by moderate oxidation of )?-hydroxy- 
thionaphthen (thio-indoxyl) with FeClg or NaClO, it must be regarded 

as bis-thio-indozyl, CeH4<( Its diacetyl 

compound melts at 240° (M. 29 , 372). 

Numerous substitution products of thio-indigo red are technically 
important, especially the halogen, alkoxy- and alkyl thio-derivatives. 
It is found that substitution in the ^-position to the carbonyl dis- 
places the shade towards the yellow, while a substitution in the 
position to the S-atom displaces it towards the green (Ch. Ztg. 35 , 

1159)- 

Peri - Naphtho - thioindigo, CioH. { C : C a 

blue-black powder, from />m-carboxynaphthylthioglycollic acid 
(C. 1908, I. 1815). 

7. BENZOPYRROLE OR INDOLE GROUP. 

The most important substances belonging in this group have been 
obtained from indigo blue, to which the indole derivatives bear an 
intimate kinship. Like the pyrroles, indole and its derivatives are of 
physiological importance as decomposition products of albumin. 
Indole, and especially the methylindoles, as derivatives of pyrrole, show 
most of the reactions of the latter (B. 19 , 2988). By a rupture of the 
ring the indole bodies are converted mainly into or/Aoamino-acids of 
benzene. Our knowledge of the constitution of indole and its deriva- 
tives, and their relations to indigo, is based chiefly upon the investiga- 
tions of A. V. Baeyer (p. 64 et seq). 

Indole, C8H7N=c,h,<^^^^^^CH (a), melting at 52° and boiling 

at 245® with decomposition, is contained in coal-tar, and can be 
liberated from the fraction distilling at 240^-260° (B. 48 , 3520). It 
is also obtained: 

(1) By the distillation of oxygen-containing derivatives — e,g., 
oxindole, indigo blue — ^with zinc dust; or, better, from indoxyl by 
reduction with Na-amaigam or zinc dust and alkali (B. 87 , 1134; 
C. 1904, II. 166; 1909, II. 31). 

(2) By condensation of various o-amino-substitution products of 
benzene, or by the reduction of o-nitro-compounds ; for example, 
the action of sodium alcoholate upon o-aminochlorstyrene, 

> C4H4<(^^^\ch, analogous to coumarone (p. 39) 

and benzothiophen (p. 44); sdso by the reduction of o-nitrophenyl- 

acetaldehyde or o-mtroctnnamic acid, CeH4< — > >CH . 

nNO* NNH/ 

It is very probable that the production of indole from phenylgly cocoll, 
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CgHgNH . CHgCOOH, and calcium formate proceeds in a similar 
manner (B. 28 , R. 654). 

(3) The pyrogenic formation of indole from alkyl anilines, tetra- 
hydroquinoline, and especially from cumidine when the vapours are 
conducted through tubes heated to redness, are due to ortho-con- 
densations. 

(4) Finally, indole is formed (together with skatole, q.v) from 
albuminates in the pancreatic fermentation (method of production), or 
when they are fused with caustic potash. It is found in jasmine and 
other flowers. 

Behaviour, — Indole crystallizes from water in shining leaflets. 
It possesses a peculiar odour, resembling that of naphthyla- 
mine, and is readily volatile in steam. Its vapour density (under 
diminished pressure) corresponds to the formula CgH^N. A pine 
splinter moistened with hydrochloric acid and dipped into its alcoholic 
solution or the vapours acquires a cherry-red colour. Indol possesses 
but very feeble basic properties (similar to pyrrole), and is easily resini- 
fied by acids. As in pyrrole, the imine hydrogen can be replaced by 
K or Na. Methyl Mg iodide converts it into indyl magnesium iodide 
(C. 1911, I. 1832). 

With picric acid it forms a compound which crystallizes in red 
needles (see also B. 82 , 2615; 89 , 2516). 

The substituents of indole in the pyrrole ring are termed 7 V-, a-, / 5 -, or 
Py(i,2,3); those in the benzene ring, i, 2,3,4 Bz(i,2,3,4) (A. 236 , 121) 

(see p. 38). Many indole derivatives are referable to a desmotropic form 
f CH \ 

called Indolenine, ^•M^J>ch(c. 1908, II. 605). 

ISl-Nitrosoindole, C7HgN.NO, melting at 172°, formed from indole 
and sodium nitrite, probably has the doubled formula (C. 1891, 11 . 62). 
Various acetylindoles are produced when indole and acetic anhydride 
are heated together (B. 23 , 1359, 2296). 

Homologous Indoles are produced: 

I. Like indole from o-amino-compounds of the benzene series by 
the formation of closed rings: 


/CH..C0.CH3_ 
• *\NH, 

o-Aminobenzyl methyl ketone. 


a-Methylindole. 


Similarly, o-amino-desoxybenzoin yields a-phenylindole, and 0- 
methylamino-w-chlorstyrene, iV-methylindole. 

2. By heating the anilines with compounds containing the group 
CO.CHCl. For example, aniline and chloracetone yield a-methyl 
indole; with / 5 -bromolaevtdinic acid, a,) 5 -dimethylindole is the product. 
A simultaneous evolution of COg occurs here. This reaction is parallel 
to that of the so-called quinaldine synthesis. For its course see B. 25 , 
2860; 26 , 1336, 2638; 87 , 867. Aniline and bromacetophenone yield 
a-phenylindole. 

3. A noteworthy method for the production of the alkylindoles 
consists in condensing the phenylhydrazones of the aldehydes, ketones, 
and ketonic acids by heating them with hydrochloric acid or zinc 

VOL. Ill, E 
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chloride (E. Fischer, B. 19, 1563; 22, R. 14), when ammonia is 
split off: 

/CH, 

C,H,.NH.N;CH.CH,.CH, >C,H4/ 

Propion aldehyde phenylhydrazone. /3-Methylindolc. 


>c,h/ >c.ch, 

^N(CH,) 

Acetone phenylmethylhydraronc. w^,a-DkD,ethylindole. 

CH C H 

CtH, . NH . N : • CO, . R 

T» : A 1 . « _.ji _ o-Indole carboxylic ester. 


C,H,.N(CHa)N:C<f’ * 
XH, 
"lydraro 

/CH. 

Pyruvic ester phcnylhydrasone. 


The Mwsyw.-alkylphenylhydrazine derivatives react very easily 
with pyroracemic acid upon wanning them with dilute hydrochloric 
acid, sulphuric or phosphoric acid; the products are N-alkylindole- 
carboxylic acids. The phenylhydrazones of the /5-ketonic acids — 
e,g., acetoacetic ester — are principally converted into pyrazole com- 
pounds. Some, when heated with concentrated sulphuric acid, yield 
indol compounds (B. 27, R. 793). This is especially true of the 
««syw.-alkyIphenylhydrazones. In aldehydes and ketones containing 
methine groups adjoining CO ^oups, the condensations usually take 
place in a modified manner, with expulsion of the tertiary H-atom. 
The phenylhydrazones yield pseudo-indole or indolenine derivatives; 
the f^nsyw.-alkylphenylhydrazones give derivatives of a dihydroindole 
or indoline (B. 31, 1488, 1948. M. 21, 156; C. 1900, 1. 867. See 
also Indolinones). 


(i) C.H5NHN : c( 


'CH(CH,), yC(CH3)^ 

>CCH3 


Trimethyl-indoJenine. 


( 2 ) C,H.N(CH,)N : C^* 


.CH(CH,), 

CH, 


^ :h(ch,), 

( 3 ) C,H,N(CH,)N;C<f _ 


/C(CH,)r. 

->C.H4/ >C:CH, 

\N(CH,K 

T rimethy l-methylcne-indol ine. 


Trimethyl-indolinol. 


4. The polymeric alkylpyrroles, upon standing with dilute sulphuric 
acid, part with ammonia and pass into alkylindoles — e.g.^ tetra- 
methyldipyrrole changes to a,/?,2,3-tetramethylindole. 

5» On the formation of indoline or benzopyrrole derivatives from 
pyrroles with 1,4-diketones, see B. 36, 2607; C. 1902, II. 1472; 1905, 
I. 1154. 

Behaviour , — ^The alkylindoles substituted in the pyrrole nucleus 
pos^ss generally a faecd odour, and can be distilled without decom- 
position. The phenylindoles and indolecarboxylic acids are non- 
volatile and odourless. They are more stable towards acids than 
indole, dissolve in concentrated acids, and are reprecipitated unaltered 
by water. Picric acid unites with all of them, forming compounds 
crystalhzing in red needles. Most of the indole derivatives give the 
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pine^shaving reaction, the exceptions being the indolecarboxylic acids 
and the a,/?“dialkylindoles. The alkylindoles, like the alkylpyrroles, 
yield indolecarboxylic acids when they are fused with caustic potash. 

The indoles, like pyrrole, combine with nitrous acid, acid anhy- 
drides, and diazo-compounds, hydrogen atoms of the pyrrole nucleus 
being replaced by the isonitroso, the acidyl, benzene-azo group, etc. 

With aldehydes (i mol.), the a-substituted indoles condense with 
expulsion of the H-atom in the / 5 -position to form compounds of the 
rc CHRi C] 


type, CeH4 


^CR RC^ >CeH4 (B. 36 , 4326; 87 , 322, 1221 ; J. pr. 
NH HnJ 


Ch. [2], 61 , 249). 

Oxidation converts these condensation products into dyes resem- 
bling fuchsin, so-called Rosindoles, which are also obtained direct by 
the condensation of the corresponding indoles with benzoyl chloride 
and ZnClg (B. 20, 815). The keto-group of the />-diamino-benzo- 
phenones also reacts like the aldehydes, forming red to violet dyes 
(C. 1902, 1 . 610). Methylindole unites with aldehydes in molecular 


proportion to the compound, (B. 36 , 308; 38 , 2640). 

In this desmotropic form methylindole also reacts with aromatic 
nitroso-compounds (C. 1908, II. 650). 

A peculiar behaviour is shown by indole and the alkylated indoles on 
thorough treatment with alkyl iodides. Thus, in the cases of indole and 
methyUndole, treated with methyliodide, the methylation of the H- 
atoms of the pyrrole nucleus is followed by the addition of a further 
methyl group: 

iV/5/5-Trimethyl-a-methyleneindoline is formed, the constitution 
being proved by its synthesis, by its oxidation to trimethyl indoli- 
none, and by its disintegration to form synthetic trimethylindolenine, 
from which latter it can be recovered by methylation (B, 31 , 1488; 
C. 1898, II. 542; 1899, I. 280): 


rc(CH,)v ri 

Hn(ch,)/ *\] 


C(CH,),\ 

>C:CH, 

N(CH,)/ 




CflM, 


*1n(ch,; 




Trimethylmethyleneindoline gives on further methylation ethyli- 
dene- and isopropylidene-trimethyl-indoline, also obtained synthetically 
from ethyl isopropyl ketone and diisopropyl ketone methylphenyl 
hydrazones by method 3 : 



rC(CH,),\ yCH, /CH(CHa), 


Similar processes take place during the ethylation of methylated, 
ethylated, and phenylated indoles, in which isomerization has also 
been observed, due to migration of the alkyl g;roups (C. 1899, I. 282 ; 
1900, 1 . 867; 1902, II. 1322). 

On heating with chloroform and sodium 2ilcoholate the alkylindoles, 
like pyrrole and indole, enlarge the ring and yield /J-chloroquinolines 
and indole aldehydes. 



52 


ORGANIC CHEMISTRY 


a/?-Dimethylindole 3ddds as a primary product /3-dichloromethyl- 
a/^-dimethjd-indoleiime, which, on heating with sodium ethylate, passes 
into jS’Chloro-ay-dimettiykainoline (C. 1905, 1. 1155) : 




C.hZ *\c.CH,>C,Hy 

\xrxj / \ 


,C(CHC1,)(CH,) 


\c.CH,>C,Hy 

X'NT 


,C(CH3) : CCl 


-C.CH, 


iV-Metbylindole, C8HeN(CH3), boiling at 239°; iV-Ethylindole, boiling 
at 247° ; iV-Allylindole,boiling at 252° (B. 26, 2174) ; and iV-Pbenylindole, 
C8H8N(C8H5), are obtained from their carboxylic acids by the elimina- 
tion of carbon dioxide. Bromine in sodium hydroxide oxidizes 
iV-methyl and iV-ethyl indole to methyl and ethyl-ip-isatin. 

a-Methylindole, C8H5(CH3)NH, Methylketole^ arises from o-amino- 
benzyl methyl ketone, and acetone phenylhydrazone. Its odour is 
like that of indole, and its reactions are similar. M.p. 59®, b.p. 268°. 
Fused with caustic potash, it forms a-indolecarboxylic acid. By 
oxidation with KMn04 ^^e indole ring is split and acetanthranilic acid 
is formed. Passed through incandescent tubes it is transposed into 
quinoline (B. 38, 1949). With chloroform and sodium alcoholate it 
yields /^-chloro-qainddine (B. 21, 1940). 

- Methylindole, Skatole, C8H5{CH3)NH, occurs in human faeces 
(with a little indole). It may be obtained, together with indole, from 
reduced indigo, by the putrefaction of albuminoids, or (with indole) in 
the fusion of the same with potassium hydroxide. It can be prepared 
without difficulty by heating propaldehyde-phenylhydrazone with zinc 
chloride. It melts at 95® and boils at 265®. It has a penetrating 
faecal odour. With chloroform and Na alcoholate it yields /5-chloro- 
lepidine (B. 89, 4388). j5-Ethylindole, m.p. 43®, from indyl magnesium 
iodide and CgHgMgl. Also from iV-butyrddehyde phenylhydrazone 
(C. 1905, II. 677). 

a^-Dimethylindole, m.p. 106®, from methyl ethyl ketone phenyl 
hydrazone (A. 236, 128). 

A/',a,)9-Trimethylindole boils at 280® (see above). a,/?,2,3-Tetra- 
methylindole melts with decomposition at 285® (B. 22, 1924). It is 
obtained from tetramethyldipyrrole. a-Phenylindole, C8H6(C6H5)NH, 
melting at 187®, has been prepared from acetophenone phenylhydra- 
zone, from o-nitrodesoxybenzoin, from bromacetophenone and aniline 
(see above), and, lastly, by the rearrangement of ^^-Phenylindole, 
C8H5(C8H5)NH, melting at 89®, upon heating it to 170® with zinc 
chloride (B. 21, 1811). Similar rearrangements are manifested by 
the different methylphenylindoles (B. 22, R. 44). a-l^enylindole, 
melting at 162®, and a-Naphthylindole, melting at 180®, are obtained 
from the phenylhydrazones of naphthyl and thienyF methyl ketones 
(B. 88, 217). 

a)?-Naphthop3rrrole, obtained from its sulpho- 

acid (B. 31, 251). 

/C(CH8)j. 

i5,/9,3-Tiimethyl-indoleiiine, ch8C,h,< \ch, m.p. 143®, from 

. ^N ' ^ 

tsobutyraldehyde ;^-tolylhydrazone, is polymerized on standing. On 
boiling with HCl it transposes into a,/J,3-trimethylindole, m.p. 190° 
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(M. 27 , 731). a./S.^-Trimethylindolenine, c,h/ ^ch„ m.p. 

229® (C. 1899, IL 436), from methyl isopropyl ketone phenylhydra- 
zone (see above) ; a,p-dimethyl-p-ethyl4ndolenine, m.p. 243°, from methyl 
ethyl ketone phenylhydrazone (compare C. 1900, 1 . 867). 

aa-Methyl-/?j 5 -(iiethyl indolenine is obtained by the ethylation of 
methylindole (C. 1899, 1 . 280). 

2. Chloro-substitution products of the indoles are formed by the 
action of sulphuryl chloride upon the ether solutions of indoles or from 
the oxygen derivatives, oxindole and dioxindole, with PCI5. a-Chlor- 
indole, C3H5CINH, m.p. 91*5°, heated with mineral acids, easily passes 
into oxindole. 

a,i$-Dichlorindole, C8H4CI2NH, m.p. 104°. a-Chloro-i^-bromindole, 

C8H4ClBrNH, m.p. 92° with dec. (C. 1905, II. 1346; 1906, I. 854), 
^-lodindole, CgHgINH, m.p. 72® (see B. 41, 4005). /^-lodo-a-methyl- 
indole, m.p. 82® (see C. 1909, II. 282). 

3. Sulpho-acids of the indoles and naphthindoles, containing the 
sulpho-group in the pyrrole nucleus, have been prepared synthetically 
from methyl and ethyl aniline and from the naphthylamines by con- 
densation with glyoxal bisulphite (B. 27, 3258; 81, 250; 41, 1367); 

CH s. 

iV-methyl-indole-a-sulphonic acid, ^c.sOjH, boiling 

N(CH), 

with HCl, splits off SOg and passes easily into n-methyl oxindole. 

' 4. Nitroso-, Nitro-, and Benzeneazo-Derivatives. — With nitrous acid, 
obtained from sodium nitrite and glacial acetic acid or, better, amyl- 
nitrite and sodium alcoholate, and with nitric acid obtained from 
ethyl nitrate and sodium in ether, smooth reactions are only shown by 
those indoles in which the H-atom in the j^-position is not substituted, 
like indole, methylindole, and a-phenylindole; the latter gives nitroso- 
and nitro-derivatives, which, however, also react in the tautomeric 
form of isanitroso- and isonitro-bodies (see the tautomerism of the 
nitrosophenols). 

t c— NO rC-NOH rc— NO, rC=NOOH 

^CH or C,H J ; C,hJ ^CH or C.H J ^CH 

NH In Inh In 

Termanganate oxidizes the nitroso-bodies into nitro-bodies. 
l?-Nitroso-indole (?) decomposes at 170® (C. 1907, I. 1543). 

i^-Niixoso-methylmdole, m.p. 198® with dec. Nitroso-a-phenylindole, 
m.p. 250®. /^-Nitro-indole, yellow needles, m.p. 210®, is formed from 
/?-nitro-indole-a-carboxylic acid, which proves its. constitution. On 
further nitration with nitric acid in glacial acetic acid it yields a) 3 - 
dinitro-indole, decomposing at 260®. )3-Nitro-methylmdole, yellow 
scales, m.p. 248®, /3-mtro-a-phenylindole, m.p.^ 239®~24i®. Perman- 
ganate oxidizes this nitromethylindole to /^-nitro-indole-a-carboxylic 
acid (C. 1903, II. 121; 1904, 1 . 1216; IL 710). ' 

The a-substituted indoles also react excellently with the diazo- 
benzene salts: /^-benzeneazomethylindole, (C9H8N)N : NC^Hb, m.p. 115®; 
/^benzeneaaKi-a-phdxi^ m.p. 166® (C. 1903, 1. 839). 
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5. Amino 4 ndoles, — a*^mino«mdole, C8HgN(NH2), brilliant prisms 
(di-aceto-compound, m.p. 142®), is formed by the transposition 
of o-aminobenzyl cyanide on heating with alcoholic sodium ethylate: 

NH, (B. 43 , 2543), i?-Amino-metbyl- 

indole, C8H5N(CH3)(NH2), m.p. 113®, and /?-Ainino-a-phenylindole, 
m.p. 180®, from the corresponding nitroso-compounds (see above) 
by reduction; with nitrous acid the /S-amino-indoles jdeld yellow 
diazo-compounds of remarkable stability, probably derivable from 

the desmotropic formula of indole, (c/- Qdinondiazine. 

Vol. II., and C. 1905, II. 99; 1906,8 II. 1127). a-Amino-indole and 
iV-ethyl-^-aminophenylindole, accordingly, form no diazo-compounds 
with HNOg. 

6. Indolealdehydes have been obtained by the action of chloroform 
and Na ethylate upon indoles, besides / 9 -chloro-quinolines (see phenol 
aldehyde synthesis). /^-Indolealdehyde, CgHgN.CHO, m.p. 195®, is 
also formed by the oxidation of tryptophane with FeCl3 (see below). 
Oxime, m.p. 200®. KMn04 oxidizes it to / 5 -indolecarboxylic acid. On 
heating with dilute minerd acids it forms a red dye (B. 89 , 2516; C, 
1911, I. 1420), 

a-Metl^l-)^-indolealdehyde, C8H5N(CH3).CHO, m.p. 198®, has also 
been obtained by the action of amyl formate and sodium ethylate upon 
a-methylindole (C. 1907, I. 1133; 1908, I. 739). 

7. Indoleketones are formed by the reaction of indyl magne- 
sium iodide with acid chlorides (C. 1911, I. 1853). / 9 -Indyl methyl 
ketone, CgH^N.COCHg, m.p. 189®, and p-iniS^l ethyl ketone, CgH^N.- 
COCjjHg, m.p. 158®, yield / 9 -indolecarboxylic acid on melting with 
caustic potash. ^-Indyl phenyl ketone, CgH^N . COCgH^, m.p. 170®. 

8. Indole Carboxylic Acids . — ^These are produced by the following 
synthetic methods: (i) from the phenylhydrazones of the pyroracemic 
acids, by reactions perfectly similar to those employed for the pyrrole- 
carboxylic acids; (2) when the indoles are heated with sodium and 
carbon dioxide; (3) by fusing the alkylindoles with caustic alkali. 
Ordinary oxidizing agents do not attack them (B. 21 , 1925). Heated 
alone, or with lime, they break down into carbon dioxide and indoles. 

a-Indolecarboxylic add, CgH^NXCgH, melting at 200® with decom- 
position, has been prepared from pyroracemic phenylhydrazone, from 
a-methylindole by the potash fusion, and by the latter process from 
tetrahydrocarbazole. 

The acid also results in the reduction of o-nitrophenyl p5nroracemic 
acid with zinc dust and glacial acetic acid, whereas the product will 
be iV-hydroxyindolecarboxylic acid when sodium amalgam is used (see 
B. 30 , 1045). It yields an tmide anhydride (B. 22 , 2503) corresponding 
to pyrocoll if heated with acetic anhydride. 

For derivatives of the acid, such as the hydrazide, azide, etc., 
see C. 1902, I. 1230. 

/ 9 -Ixidolecarbovlio add, CgHgN.CO^H, m.p. 218® with dec., from 
skatole by potash fusion and from indole with COg and Na (B. 48 , 3526), 
forms no imide anhydride (B. 28 , 2296). Its nitrile, m.p. 178®, is 
formed by the action of formic acid ester and sodium upon 0- 
amino-benzyl cyanide, and from ^-indole aldoxime by means of 
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acetic anhydride (B. 48, 2548 ). iV,a-Dimetliylmdole-i3-carbozy^ add, 
QH4N(CH3)2C00H, m.p. 200 ®, from aceto-acetic ester methylphenyl 
hydrazone, CeH5N(CH3) . N : C{CH ^ . CH^ . COOR. 

y?-lndylacetic add, skatole-(o-carboxylic acid, (CgH^Nj-^-CHgCOgH, 
m.p. 165°, synthetically from the phenylhydrazone of /3-formyl 
propionic ester (Vol. I.), CgHgNHN: CHCHgCHgCOOCgHg, by method 3 
(B. 87, 1801), is found in the putrefaction products of albumen, besides 
indole, skatole, and indyl-/3-propiomo add, skatoleacetic acid, (CgH^N)- 
/J-CHgCHgCOOH, m.p. 134°, obtained synthetically from the phenyl 
hydrazone of y-aldehydo-butyric acid ester (B. 88, 2884). Both acids 
are obtained in the disintegration of /-Tryptophwe, p-Indylalanine, 

C— CH jCH (NH,)CO,H 

C6H4<^^CH , m.p. about 289°, a hydrolytic fission pro- 

NH 

duct of most proteins. Iron chloride oxidizes it to /5-indole alde- 
hyde, which formed the basis for its synthetic preparation. On the 
analogy of hippuric acid, it combines with benzaldehyde, sodium 
acetate, and acetic anhydride to form a-benzoylaminoindylacrylic 
acid lactone, which, on splitting up with caustic potash and reduction 
with Na and alcohol, splits off the benzoyl group and yields racemic 
tryptophane (EUinger, B. 40, 3029; C. 1908, I. 2180). 

CsH^N .CH:C— N:C .CjH^ CgH^N .CH:C .NH .COCgHj CgH.N .CH,CH .NH, 

CO— 6 COONa ^ COOH 

Under the influence of the bacteria of putrefaction, tryptophane 
splits off CO2 and passes into (o-amino-/5-ethylmdole, CgHgN.CHg.- 
CH2NH2, m.p. 146®, also obtained synthetically from the phenyl 
hydrazone of y-aminobutyraldehyde by heating with ZnClg (C. 1911, 
I. 1061). In the dog's body tryptophane is converted into kynutenic 
acid, or 7-hydroxyquinoline-/3-carboxylic acid (?.v.). 

On polypeptides of tryptophane, see B. 42, 2331, 4320. 

iV-Met]^lindyl-/5-acetic acid, m.p. 129®, from iV-Methylindole with 
diazoacetic ester (C. 1899, I. 1073). 

A/5/5-Diethylmdolenine-a-carboxylicacid,CeH4<r "\ccooh is 

obtained from j5/5-diethyl-a-methyl-indolenine by oxidation, or from 
the corresponding aldoxime, produced from /5/3-diethyl-a-methyl- 
indolenine with NgOg (C. 1899, I. 280; 1900, I. 867). 

9. Oxyindole Derivative. — ^Indoxyl, / 3 -Hydrox 3 rmdole, CeH4< 

yellow crystals, m.p. 85°, is formed from indoxylic acid on heating with 
water, with rejection of COg (B. 85, 1701). By^direct synthesis, 
indoxyl is obtained from methylanthranilic acid, , 

and from phenyl-glycine, CgHgNHCHgCOOH, by fusing with sodium 
amide (compare indigo syntheses and C. 1^3, 1. no, in). The 
indigo-forming indican contained in the indigo plant is probably a 
glucoside of indoxyl (C. 1900, 1. 1294; II. 874; 1910, 1. 450). Indoxyl 
dissolves in water with a yellow fluorescence. It is rather imstable, 
and easily resinifies. In concentrated HCl it dissolves with a red 
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colour. In alkaline solution it soon oxidizes in air to indigo blue; the 
oxidation is accelerated by ferric chloride: 

2C8H7ON +20 = (CgHjON), + 2 H, 0 . 

Indoxyl. Indigo Blue. 

On heating with potassium pyrosulphate, indoxyl forms the 
potassium salt of indoxylsulphuric acid, CgHgN.O.SOgK, also found 
in the urine of plant-eating animals, and in human urine (urine indican) 
after the consumption of indole. On heating with acids the salt dis- 
integrates with re-formation of indoxyl, which, on treating in the cold 
yrith a little FeClg, forms indigo blue (test for indoxylsulphuric acid 
in urine). Synthetically, the potassium salt of indoxylsulphuric acid 
has been obtained from phenylglycine-o-carboxylic acid by fusion with 
potash and subsequent treatment with potassium pyrosulphate. 

On shaking up the potash melt of phenylglycine-o-carboxylic acid 
with benzyl chloride, OiV-dibenzyl-indoxyl is formed, m.p. 166° (C. 1897, 

I. 862), Acetic anhydride and free indoxyl yield iV-acetyl indoxyl, 
C8HgON(COCH3), m.p. 136°, and in alkaline solution 0-acetyl indoxyl, 
QHeN(OCOCH3), m.p. 126®. OiV-Diacet-indoxyl, m.p. 82°, from 
iV-acetylindoxyl, and also from anthranilino-acetic acid with acetic 
anhydride (B. 34, 1854; C. 1902, 11. 491). 

For the action of halogens upon indoxyl, see C. 1902, I. 1344. 

IndoxylaWehyde, C,H8<^^(0^C.CH0, briUiant needles decora- 
posing at 160®, is forrned on fusing indigo blue with caustic alkalies, 
besides an thranilic acid, with which it combines in the presence of 
acids with elimination of water to form the so-called chtysanilic acid, 
CgHgONXH : NCeH4.COOH (B. 43, 1971). 

IndoxyUc add, c,h.<(§(oh)\c.cooh, m.p. 123° with dec., is 

formed by fusion of its ethyl ester with caustic soda. The ester is 
prepared: 

I. By (NH4)2S reduction of o-nitrophenylpropiolic ester or its 
transposition product isatogenic acid ester. An intermediate member 
of this series is indoxanthenic acid ester (B. 15, 745), obtained by oxidiz- 
ing indoxylic acid ester: 


fC-cXO,R „ fC(OH)^ 

2. By condensation of anilino-raalonic ester on heating to 260°- 
265° (B. 31, 1816). 

^cooR {C(om. 




|C, 0 » 

Ink — ^ 


CCOOR. 


3. Industrial importance attaches to the formation of indoxylic 
acid from phenyl-glycine-o-carboxylic acid by heating with caustic 
alkalies : 

^NHCHjCOOH 
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The esters of phenylglydne-o-carboxylic acid are condensed to in- 
doxylic acid esters by merely treating with Na ethylate solution. The 
A/'-acidyl and iV-alkyl derivatives act even more easily. From the 
latter we obtain iV-alkyl indoxylic acid ester (B. 86, 1683, 1699). 

On heating with cone. H2SO4, indoxylic acid ester gives indigo- 
sulphonic acid quantitatively; this is converted into indigo b}^ heating 
with alkali and blowing air through. On heating indoxylic acid ester 
to 240°--26 o° it is, like indole -a -carboxylic acid, converted into a 
bimolecular imide anhydride (B. 35 , 524). 

It possesses a phenol character, which is indicated by its solution 
in alkalies, from which it is again precipitated by carbon dioxide. 
Ethyl iodide converts the salts of indoxylic ester into ethyl indoxylic 
ester, C8H5(0C2H5)N.C02R, which by saponification with baryta- 
water forms ethyl-indoxylic acid. This acid loses COg when it is 
heated, and becomes O-ethylindoxyl, C8H8(OC2H5)N, which resembles 
indole in its chemical behaviour and in its odour. When digested with 
hydrochloric acid, ethylindoxylic acid yields indoxyl, and by nitrous 
acid is converted inio pseudoisatoxime. 

In many reactions indoxyl, as well as indoxylic acid, yields products 
which are derived from ^s^wffoindoxyl, or p-ketodihydroindole, an iso- 
meride of indoxyl, so that it may be assumed that in these instances 

C.H<‘ changes to (compare dihydro- 

resorcinol, phloroglucinol, etc.). 

In the second form indoxyl and indoxylic acid react with aldehydes, 
ketones, and ketonic acids — e.g., benzaldehyde, pyroracemic acid, etc. 
— with the production of so-called indogenides. The bivalent group, 

C6H4<^^>C=, is termed indogen (B. 16 , 2197): 

=CH .C,H, =C(CH.)CO.H. 

Indogenide of Benzaldehyde. Indogenide of Pyroracemic Acid. 

The indogenides of protocatechualdehyde and of the amino- 
benzaldehydes have the character of dyestuffs (C. 1903, I. 34). 

Isatin and benzene hydrocarbons also yield indogenides. Isatin 
may be viewed as indogen oxide. Isatin converts indoxyl (B. 17 , 976) 
into the indogenide indirabin: 



^-Indoxyl. 



Isatin. 


■>C,H 


/CO\ 

*\NH/ 


C=C 


\CO / 


NH, 


ludirubin. 


which is isomeric with indigo blue. The latter is also produced by 
the oxidation of indoxyl (p. 55) ; hence it may be viewed as diindogen: 


* *\nh/ 


SNH/ - 

Indigo Blue (Diindogen).' 


C=C< 


Similarly, from indoxyl and thionaphthenquinone we obtain 

/S-thionaphthen-a-indole indigo, 
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375), and from indoxyl and acenaphthenequinone the violet 
acenaphthene-a-indole indigo* CeH4<^^>c : (B. 41 , 3332). 

)?-Ethoxy-a-methylindole, C8H5N(O.C2H5)(CH3), melting at 142°, is 
obtained from ethoxyacetone phenylhydrazone, C3H5NHN : C(CH3)CH2- 
OC2H5 (B. 26 , R. 417). 

iV-Hsrdroxyindole-a-carboxyU^ add, melting at 159® with decom- 
position, is isomeric with indoxylic acid. It resits on boiling 
o-nitrobenzylmalonic acid with sodium hydroxide: 


/NO, 

^CH,-*CH(COOH),'’ 




as well as by the reduction of o-nitrophenylpyroracemic acid with 
sodium amalgam. It is readily reduced to a-indole carboxylic acid. 
Potassium permanganate oxidizes it, with the possible intermediate 
production of phenylhydroxylamine-o-carboxylic acid, to o-azoxy- 
benzoic acid, while with chromic acid it yields isatin. It can be very 
easily acidylated or alkylated in the NOH-group. 

iV-Methoxyindde-<z-carbozyIic add, melting at 185 ° with decom- 
position, is also reduced to indolecarboxylic acid, and oxidized by 

chromic acid to iV-methoxy-v^-isatin, consisting 

of red needles, melting at 110°. Bleaching powder, hydrogen peroxide, 
etc., convert ^-hydroxyindolecarboxylic acid into indozin* This is a 
blue-coloured, unstable dye, very similar to indigo, but soluble in 
alkalies. When it is dissolved in concentrated sulphuric acid and the 
diluted solution is allowed to stand exposed to the air, indigo separates. 
The yield is good (B. 29 , 639; 80 , 1045, 1052). 

a-Fh^l-hydrozyindole, C8H5N(C3H5)(OH), melting at I75^ is 
formed in the action of concentrated sulphuric acid upon benzoin 
oxime. 

HydrO'indole Derivatives. — Indole may, though with some difficulty, 
be reduced electrolytically to dibydro-indole, indoline, C4H4<^^*>CH„ 
b.p. 221^, which can also be obtained from 2 V’-methylindoline by heating 
with HI and phosphorus (C. 1905, II. 335; 1908, II. 1263). iNT-Benzoyl 
indoline, m.p. 119®; nitroso-indcJine, m.p. 84®. The reduction of the 
alkylated indoles is more easily effected electrolytically or with Sn and 
HCl. The hydro-indoles or indolines show a behaviour differing con- 
siderably from the mother substance. They closely approach the 
alkylated anilines, and are related to the tetrahydro-quinolines (q,v.) 
containing a six-membered hydrogenated pyriffine ring condensed 
with the benzene nucleus (cyclic homology; compare B. 26 , 1285). 
By means of silver sulphate the dihydro-indoles can be oxidized back 
to indoles (B. 27 , 827). iV-Methylmd(dine, C8H8N(CH8), b.p. 216® 
(A. 239 , 246). 

Dih^otaietbylindol^ a-meihyl-indoliiie, QH^iN, b.p. 227®, has 
been split up into optically active components by means of bromo- 
camphorsulphonic acid (C. 1904, II. 1657). On heating with HI 
and phosphorus it yields o-propyl-aniline (C. 1898, 11 . 714). With 
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malonic acid ester it pelds a tricyclic condensation product (B. 26 , 
1298) : 


fsPO.CHj.CO 


a,j?-Dimeihylindolme, C10H13N, b.p. 229®. N-Methyldibydro-^- 
naphtho-pynole, Ci2HioN(CH3), m.p. 41*=^ (see B. 89 , 3140). 

a.a-IMmethylindoIine, c,H 4<^^*>C(CH8)„ b.p. 210°, is formed 

on distilling o-isopropylanrinobenzyl alcohol. The isomeric 
methylindol^e, m.p. 35°, b.p. 228°, is obtained by the reduction of 
/Sj 5 -dimethylindolinone, or, better, from the condensation product of 
isobutylidene phenylhydrazone, the trimolecular ^^^-dimethylindolenine, 
r X(CH8),. 1 

C<,H4<^ yCH by reduction (M. 18 , 115). 

N, p, j3-Trialkyl-a-al*kylideneindoUnessuch asTrimethylmethyleneindo- 
line, ; cHg. b.p.2ii29® ; N-Phenyl-i 3 ,iS-dimethyl-a-methy- 

leneindoline, b.p.52 208°, and others, have been obtained synthetically 
from the uns}mimetrical alkyl-phenyl-hydrazones of suitable ketones, 
and by the thorough alkylation of indoline ; N, jS-trimethyl-a-benzylidene 
indolme, m.p. 93®, from N ) 5 ^-trimethylindolinone and benzyl magnesium 
chloride (B. 38 , 1359). 0 ^ oxidation they yield indoUnones (see below). 

Oxygenated Derivatives of the Dihydro-indoles , — Indolinols and indo- 
linones are also obtained synthetically from phenylhydrazine deriva- 
tives (S. 743) : iV, p, jS-TrimethyliMcdmole^ < 0H» ^-P- 

95®, and i\r-Plienyl-/?,^^limethylixidolinole, m.p. 125®, are obtained from 
the unsym, phenylmethyl- and the diphenyl-hydrazone of isobutyr- 
aldehyde with ale. HI or SnClg or HCl. On heating with HCl, one 
methyl g^oup migrates, and they are converted into trimethyl- and 
phenyldimethylindole respectively (M. 21 , 156). 

N) 5 ) 3 -Trimethyl-a-phenylind(dm m.p. 120®, from trimethyl 
indolinone with C^HgMgBr (M. 27 , 1223). 

a-Indolinones can also be regarded as lactams of the o-amipo- 
phenylacetic acid series, and have been to some extent already 
described as such. In this connection, special interest attaches to the 
synthesis from acidyl phenylhydrazides on heating with Ume (M. 18 , 95, 

527; Cf. C. 1910, I. 876): CtH^NH.NH.CCXHa > CeH4i^^*^CO; 

Similar reactions are shown by the propionyl, butyryl, isobut5nyl, 
and phenacetyl phenylhydrazides, and by the propionyl- and isobu- 
tyryl methylphenylhydrazides: /?-metliyl-a-*iiido]inone, m.p. 123®. 
p-Ethyl- and p-phenyl-indolinone, m.p. 102® and 183®; jS-isopropji- 
indotoone, m.p. 106® (C. 1903, II. 887). jSj^-Dimethyl indc^one, 
m.p. 151®. iVjJjJ-Trimethyl i^clinone, m.p. 47®, b.p. 265®, is formed 
from' ilie corresponding indolinol, and frpm the trimethyl alkylidene 
indolines by oxidation. 

Among the oxygenated hydroindole derivatives we may specially 
mention the following substances, forming a transition to indigo blue 
or indigotin: 
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I. Oziiidole» a-indolinone^ obtained from aceto- 

phenylhydrazide with lime. It was first obtained by the reduction of 
dioxindole, and easily reverts to the latter in air. It therefore reduces 
ammoniacal silver solution. With NgOg it forms isatoxime, which on 
reduction becomes amino-oxindole and by subsequent oxidation isatin : 


Oxindol. 


Isatoxime. 


Aminooxindole. 


Isatin. 


Oxindole combines with aldehydes and ketones with elimination of 
water to form coloured compounds showing geometrical isomerism 
with the indogenides from indoxyl. These are called iso-indogenides. 

Benzal-oxindole» : CHCeHj, sulphur - yellow needles 

melting at 176®. From oxindole and isatin we obtain a substance 
isomeric with indigo blue and indirubin. 

Isoindigotin, (C. 1909, 1. 1575; II. 832). 

Oxindolealdehyde, yellow needles, m.p. 213°, is 

formed, besides thio-salicylic acid, in the fission of thio-indigo scarlet 
with alkali (B. 43, 1974). 

2. Dioxindole, is obtained from nitromandelic 

acid and from isatin by reduction with zinc dust and acetic acid (B. 87 , 
938). Oxidation converts it back into isatin and isathide (see below). 

/?-Alkyl- and aryl-dioxindoles, have been obtained 

by transforming isatin by means of organo-magnesium compounds 
(C. 1910, II. 1140). 

3. iV,a-Dioxindole, /CO, colourless rhombic plates, aceto- 

compound, m.p. loi®, is obtaineci by reducing o-nitrophenyl acetic acid 
vnih zinc dust and sulphuric acid. With HNOg it yields iV-hydroxy- 
isatoxime, m.p. 223®, from which by successive reduction and oxida- 
tion iV-hydroxyisatin is obtained. This easily transposes into the isomeric 
anthroxanic acid under the influence of acids and alkalies (B. 41 , 3921) : 


yCHj-v /C:(NOH)\ /CO \ /CsTCOOH 

XT TJT * \T *_1.1 : I 


iV-a-Dioxmdole. 


AT-Hydroxylsatoxime. iV-Hydroxyisatin. Anthroxanic acid. 


4. N,a,)9-Trioxindole, m.p. 172® with dec., the 

anhydride of o-hydroxylamino-mandelic acid, is formed by the re- 
duction of o-nitromandelic acid with zinc dust and ammonia. On 
heating by itself or warming with acetic anhydride it splits off water 
and passes into isatin, while, on careful oxidation with KMn04, it 
passes into iV-hydroxyisatin (B. 42 , 470). 

Isatin, CeH4<^^^^CO, or .oh. Its properties are given 

in Vol. IL, p. 389. The following methods for its formation may be 
especially mentioned: 
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1. The oxidation of indigo with nitric acid {Method of preparation, 
J. pr. Ch. [2], 24 , II ; 26 , 434). 

2. The oxidation of oxindole and dioxindole. 

3. The action of alkali upon o-nitrophenylpropiolic acid, when there 
occurs at first a rearrangement into isatogenic acid, which then loses 
carbon dioxide and becomes isatin: 


C.H4 .CO,H > 

o-Nitrophenylpropiolic Acid, Isatogenic Acid. 



Isatin. 


If a reducing agent be added to the alkaline solution of the o-nitro- 
phenylpropiolic acid, indigo will result instead of isatin (see below). 

4. From the easily synthesized isatin-a-anil, C6H4<^^>C:NC8H6. 

isatin is obtained by heating with dilute mineral acids (C. 1900, 
II. 929). 

5. Oxanilide chloride, CgHgN : ClCl.CCl : NCgH^, on warming with 
cone. H2SO4, passes into isatin (C. 1908, 1 . 1001). 

Technics importance attaches only to the processes with trioxindole 
and isatin-a-anil. 

.N . COOP! 

Behaviour. — (i) Isatoic Acid, CeH4< | , is formed when isatin 

^CO 


is oxidized with chromic acid in .glacial acetic acid solution. 

Isatin yields nitrosalicylic acid when oxidized with nitric acid. 
(2) When reduced with ammonium sulphide we get first isatide, 
^10^12^2041 then dioxindole and oxindole. 

(3) Ammonia and primary amines form Imesatins of the general 


formula ^*114 


^C = NR 


, which, when digested with alkalies, decompose 


again into isatin and amines. 

a-Phenylenediamine yields indophenazine (B. 29 , 194, 1030) ; piperi- 
dine yields a dipiperidyl isatin, C8H5NO(NC5Hio)2, which can be con- 
verted into a dye — isatin blue — similar to indigo (B. 24 , 1366). (4) Isatin 
condenses, further, with benzene hydrocarbons, phenols, etc., with 
loss of water. It forms with thiophen the blue dye indophenin, 
(C8H5NO2 +€41148 - HgO). Similar products are obtained with furan 
and p3rrrole (B. 40 , 2492). (5) The dark violet alkali salts of isatin 
are derivable from its lactam formula, since benzoyl cliloride con- 
verts them into AT-benzoyl-v^-isatin, m.p. 206°, and methyl and ethyl 
iodides give AT-methyl-v^-isatin and iV-ethyl-v^-isatin respectively, m.p. 
134® and 95®, also formed from iV-methyl- and 7 V-ethyl-indole by means 
of NaOBr (B. 40 , 1291). iV-Acelyl-v>-isatin, CeH4(C202)N.C0.CH3, 
from isatin and acetic anhydride. (6) The hydroxyl or lactim formula 
of isatin furnishes alkali salts; from the solution of the latter silver 
nitrate precipitates silver isatin, C8H4(OAg)NO, with which alkyl 
iodides yield 0-alkyl isatins: methylisatin, C8H4(OCH3)NO, melting 
at 102®; ethylisatin, C8H4(OC2H6)NO, melting at 88®, which can be 
resaponified to isatin or isatinates. (7) Similarly, two isomeric 
isonitroso-compounds are derived from isatin: isatoxime and pseudo- 
isatoxime. 
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r* T4 / '-/Jn. , . , _ 

Isatozime, melts at 202® with decomposition. It 

is prepared from isatin afid hydroxylamine; or from oxindole by 
action of nitrous acid, and when reduced it 3delds so-called amino- 
oxindol, which can be oxidized to isatin. By the successive action of 
ethyl iodide upon the silver salt we obtain a mono- and a diethyl deriva- 
tive from which isatin (B. 16 , 1706) is formed after saponification, 
which would indicate that the ethyl groups are combined with 
oxygen. 

^ 5 <?«rfo-Isatoxime, C,H4<^^>C=N.0H, melting with decomposi- 
tion at 200®, is prepared by the action of nitrous acid upon ethyl 
indoxylic acid. Ethyl iodide converts it into (i) a mono- and (2) a 
diethyl derivative. The first alone yields isatin, whereas the second is 
converted into iV-methyl-v^-isatin: 


X0.C(N.0.C,H5) /C0.C(N.0.C,H5) 

I. C.H4< / and II. CeH4< / 

^NH 

Px^tM^oisatin-ethoximo. V,-Ethyl-ij>-isatin-«thoxinic. 


The reduction of iV-ethyl-y-isatin-ethoxime produces N-diethyl 
indigo (B. 16 , 2201). 

A dioxime is formed by iV-acetyl-y-isatin and hydroxylamine. See 
B. 29, 1030, for isatin semicarbazone, C8H5NO(: NNHCONHj). 

Isatin - ^ -phenylhydrazone, C8H5NO{ : N . NHCgHg), m.p. 211®, 
from isatin and phenylhydrazine; the isomeric pseudo-\sK^ phenyl 
hydrazone^ isatin<^-phenylhydrazone, m.p. 236®, has been obtained by 
transposition of o-methylisatin with phenylhydrazine or by the action 
of diazobenzene chloride upon indoxyl (B. 40 , 1298). 

(8) In a similar manner, two' position-isomeric isatin anils are 

derived from isatin: Isatin - - anil, 

yellow prisms, m.p. 221®, and isatin-a-anil, occurring in two modi- 
fications, yellowish-brown flakes and violet prisms respectively, m.p. 
216®, probably corresponding to the lactam and lactim forms of isatin 

according to the formulae : • NCeHj and C«H4<[^^C .NHC4H5: 

on heating, the former passes into the latter. Isatin-a-anil is obtained 
from isatin chloride or O-methylisatin with aniline, or from indoxyl or 
indoxylic acid with nitrosobenzene (B. 42 , 4269). Industrially, a start 
is made with diphenyl thiourea, which, on eliminating sulphur by 
means of lead carbonate, gives carbo-diphenylimide. This passes into 
its hydro-cyanide on treating with alkaline cyanide and HCN. The 
hydro-cyanide, treated with yellow AmgS, yields a thiamide, which on 
heating with cone. H2SO4, condenses to isatin-a-anil (C. 1900, II. 928, 
929, 1250; 1901, 1 . 71; D.R.P. 113979)* 


CeH.NHs^C^ -H.S C eH.NHv 

C4H4NH/ 


C.CN- 


CeHfiNHv fCO \ 


Finally, isatin-a-anil is also obtained by condensation of the body 
resulting from the action of aniline and hydroxylamine upon chloral. 
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» 5 ( 7 Nitro 80 -ethenyldiphenylami^ 

H2SO4 (C. 1900, II. 929). . . 1: 

With HgS in acid solution, isatin-a-anil yields a-thio-isatm* 
CgH4(C20SNH), which easily gives up sulphur and yields indigo, and 
in alkaline lead solution gives isatin (C. 1902, 1 . 1429)* 

AnigS reduces isatin anil in the cold to indoxyl, and on heating to 
indigo (B. 48 , 1379). Reduced with sodium hydrosulphite, the isatin 
aniles take up two H-atoms and pass into the colourless isatin-leuca- 
nils, CgH^NO.NHCgHg, which re-oxidize to isatin anils in air (B. 43 , 
1376). Isatindianil, C4H4(C : NCgH5)2NH, m.p. 210°. 

(9) On heating isatin with PCI5 in benzene solution we obtain isatin 

chloride, CeH4<^^^CCl, m.p. iSo"" with dec., which dissolves in 
ether with a blue colour. Reduction with HI in glacial acetic acid or 
zinc dust converts it into indigo blue : 

/COv „ XOv , /COv 

2CeH4< >CCl-^>CeH4< >C=C< >CeH4+2HCl. 

Similarly, the isatins substituted in the benzene nucleus give rise 
to substitution products of indigo blue: Dibromo-, dinitro-, dimethyl 
indigo blue, 

(10) With substances containing a reactive methylene group, isatin 

condenses with elimination of water to form indigoid resem- 

bling indigo in structure and behaviour. Thus, isatin and indoxyl 

give Indirubin, and isatin and ^J-hydroxy- 

thionaphthene give the industrially important Thioindigo-scarlet-R^ 
C6H4<^|^^C : (M. 29 , 376) ; while in the case of isatin 

itself it is always the carbonyl in the /5-position which reacts; 
a-isatin derivatives like isatin chloride, isatin-a-anil, and 0-methyl 
isatin split off HCl, C4H5NH2, and CH3OH, and yield the geometric- 
ally isomeric dyes. Thus, indoxyl gives indigo blue, and /5-hydroxy- 
thionaphthen 5delds a-thionaphriien-a-indole indigo, Ciba Violet, 

: C<(^h)>C.H 4 (M. 29 , 377: 81 , 55 )- 

Reactions with isatin chloride and isatin anilide are also shown by 
phenols which tend to pass into the keto form, like a- and ^-naphthol, 
anthranol, a- and /5-anthrol, resorcinol, etc. They usually form blue 
to bluish-violet indigoid vat dyes, (P. Friedlander, M. 29 , 375, 387 1 
80 , 271, 871) e,g , : 

Q TT /CO — C s=C >C*H4 CH CO^C =C >CaH4 

• *\CH=CH C(OH).CH=CH 

a/S'Naphthoquinone Indogenlde. Hydroxy-o-bonzoquinone indogeniae. 

Alkalies break up these dyes more or less easily into anthranilic 
acid and the corresponding aldehydes: 


C H /CO— C =C >C,H4 

* *\CH=CH 




iC.CHO 

=CH 


HOCO 

H4N 


>C,H4. 


Compare the analogous breaking up of indigo blue (below). 
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a- and i^-Naphtisatm, CioHg(C202)NH, m.p. 255® and 248'' (see B. 21 , 
117; 86, 1736; C. 1904, 11 . 71). 

Indigo blue (Indigotin), CeH4<^^>C=C<^pj>C,H4, constitutes 

the principal ingredient of commercial Indigo, derived from different 
Indigofer cB, from woad {I satis tinctoria), and from the Sudan gara 
{Lonchocarpus cyanescens). It occurs in these plants as probably 
a glucose compound of indoxyl, C8Hg0N(C^Hii05), cdlled indican, which 
splits up into glucose and indoxyl when boiled with dilute acids, or 
if acted upon with a ferment. If the various portions of the plant be 
covered with water and exposed to the action of the air, the indoxyl is 
oxidized to indigo blue (C. 1898, II. 203 ; 1900, 1 . 1294 ; II. 874 ; 1909, II. 
218; B. 35 , 4338). Much synthetic indigo is now made in Germany, 
and has largely displaced the plant indigo from Bengal, Java, and 
Central America. 

Commercial indigo contains, in addition to 20-90 per cent, of 
indigo blue, various other substances, which have not been well 
studied, like indigo gluten, indigo brown, and indigo red, which are 
removed by successive treatment with dilute acetic acid, caustic 
potash, and hot alcohol. 

A better procedure consists in first reducing indigo by means of 
grape-sugar and sodium hydroxide to soluble indigo white, which can 
then be oxidized to indigo blue by the exposure of the alkaline solution 
to the air, when the indigo blue will separate in a pure condition (A. 
195 , 305). 

History . — Indigo was in ancient times highly prized as a dye 
by the Oriental nations (Dioscorides, Pliny: tvStKoi', indicum). In 
Europe it found general application in dyeing, from the opening up of 
sea-intercourse with the East Indies in the sixteenth century. To-day 
the production of indigo from plants, chiefly in Bengal, Java, Central 
America, is about 8,300,000 kg., equivalent in money to about 
$20,000,000. 

In the period of the alchemists indigo was quite frequently con- 
sidered in Europe as a mineral or metal (compare Schultz : Steinkohlen- 
theer, 2 Auflg., II. 883), presumably because of its copper-like lustre. 
More careful investigations into its chemical nature were first instituted 
in the last century. Erdmann and Laurent observed simultaneously 
(1841) that nitric acid oxidized indigo to isatin, while Fritzsche found 
(1848) that aniline resulted when it was distilled with caustic potash. 
Baeyer and Knop (1865) reduced it to dioxindole, oxindole, and indole. 
The latter body Baeyer and Emerling (1869) obtained synthetically 
from o-nitrocinnamic acid, and when Nencki (1874) succeeded in 
oxidizing indole to indigo with ozone, the first synthesis of this interest- 
ing compound was achieved (compare, however, Engler, B. 28 , 312). 
Baeyer and his students (1870-78) demonstrated the constitution and 
synthesis of oxindole or o-aminophenylacetic acid lactam, its conversion 
into isatin, as well as various methods for the conversion of isatin into 
indigo blue. Claisen and Shadwell (1879) also obtained isatin from 
o-aminobenzoylformic acid. Baeyer (1880-82), by a series of new 
syntheses of indigo, produced more certain evidence of its constitution 
and found easy methods for its production. 
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Out of the many indigo syntheses since devised, that of indigotin, 
discovered by Heumann in 1890 from phenylglycine or phenylglycine- 
c>-carboxylic acid with alkali fusion followed by oxidation, has gradu- 
ally attained an industrial importance (see C. 1901, I. 1325). 


SYNTHESES OF INDIGO BLUE. 

Most methods in the direct synthesis of indigo start from isatin 
or indoxyl and their derivatives; even plant indigo probably owes its 
formation to an oxidation of indoxyl. 

(i) Indoxyl is oxidized to indigo: 

2C,h./c(o^\ch +20 =c,h.< >c =c< >C,H, + 2H,o. 

Indoxyl and its derivatives are prepared industrially in two ways : 

{a) The first of these is based upon Heumann's discovery (1890) of 
the formation of indoxyl from anilino-acetic acid or phenylglycine, 
CgHgNH.CHgCOOH, by alkaline fusion. By an addition of sodium 
amide the fusion-point is lowered and made suitable for large-scale 
operations (C. 1903, I. no). 

Analogous to phenyl glycocoll are tolyl-, xylyl-, naphthyl-, and 
phenyl methyl-glycocoU, which form derivatives of indigo blue; with 
fuming sulphuric acid these bodies form the corresponding indigo 
sulphonic acids (B. 23, 3043, 3431; 24, R. 380; 25, R. 488; 26, 2547, 
R. 633). Hydroxyethylaniline, C^HgNH.CHgCHgOH (C. 1906, II. 386), 
Ethylendianiline, CgH5NHCH2XH2NHCgH5 (C. 1910, I. 1200) , Phenyl- 
hydantoin (C. 1902, II. 173), Bromacetanilide, CgH5NHCO.CH*2Br, 
and diphenyldiketo-piperazine, fused with potash, also 5neld indoxyl 
(B. 23, 3289; C. 1900, II. 581; 1902, I. 476; 1904, I. 771). This 
group of syntheses also comprises the formation of indigo from 

ethyleneanthranilic acid, by fusion with 

potash (B. 28, 1685). 

(b) Another method of preparing indoxyl and its derivatives starts 
from anthranilic acid (q.v,). The latter is derived from the naphthalene 
abundantly contained in coal-tar. On oxidation with H2SO4 and 
mercury, it gives phthalic acid anhydride, which is converted into 
phthalimide with NH3, and then with bromine and alkali into anthra- 
nilic acid: 


: cH -> c.h.<^8>o-> _> c.h.<;8°8“ 


The anthranilic acid is (i) heated with chloracetic acid; or (2) con- 
densed with formaldehyde and HCN and then saponified; or (3) fused 
with polyhydroxyl compounds like glycerine, mannitol, glucose, cellu- 
lose, etc., and caustic potash (B. 48, 2774). The result of these pro- 
cesses is anthranilino-acetic acid or pkenylglycine-o-carboxylic acid, 

CeH4< COOH' which on further fusion with potash with 

exdusion of air or by heating with acetic anhydride passes into indoxyl 
derivatives, and further into indigo, as sketched above (see also the 
VOL, III. s 
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syntheses of indoxyl carboxylic ester and its conversion into indoxylic 
acid and indoxyl, above). 

(2fl) Isatin may be converted into isatin chloride and then with 
Zn dust into indigo, or isatin-a-anil is reduced to indigo with AmjS 
(C. 1901, 1 . 867) : 

2C.H./CO )>c : NC,H, +4H = ^ +2C.H.NH.. 

(26) Isatin chloride and isatin-a-anil condense to indigo when 
heated with indoxyl in benzene or glacial acetic acid, splitting off 
HCl and aniline respectively: 

- )>c.h.+c.h.nh.. 

This method permits the preparation of uns5mimetrically substi- 
tuted indigotins. 

The following older syntheses (3), (4), and (5) of indigo, carried out 
by A. V. Baeyer and his assistants, have hardly more than a theo- 
retical interest: 

(3) o-Nitrobenzaldehyde condenses with acetone to form ^-hydroxy- 
o-niirophenylethyl methyl ketone, which is by alkalies clearly split up 
into acetic acid, water, and indigo blue: 


:C<(j!^g)c,H4 +2CH3COOH +2H,0. 

(4) (?-Nitrophenylpropiolic acid is transposed into isatogenic acid 
by ^kaline reducing agents and, further, to indigo with loss of COg. 


2 C,H 4 | 


JC CCOOH 
NO* 


— > 2C,H4| 


CO_CCOOH fCO 

/I ->C,hJ 

ir_o IN» 


>C:C/^nC.H4. 
K \NhJ 


(5) o-Nitrophenylpropiolic acids can also be converted into 0- 
nitrophenylacetylene by elimination of COg, whereupon its Cu com- 
pound is condensed by potassium ferri cyanide to dinitro- diphenyl 
diacetylene ; the latter is converted by alkali into di-isatogen, and by 
reduction into indigo: 



^°|ceH4-C,H4 



C,H4. 


(6) On carefully heating o-nitro-acetophenone, C0H4(NO2)COCH3, 
with Zn dust a sublimate of indigo is formed in small quantities, 

Benzylidene - o - nitroacetophenone, C*H|< * CHC^H* mol.), 

splits up into indigo and benzoic acid under the influence of sunlight 
(B. 28 , 2497). 

(7) o ‘ Nitrobenzoylacetic acid, and its 

esters pass into indigo on heating with caustic alkalies and adding 
reducing agents (C. 1908, II. 920). 

(8) '^-Hydroxyindolecarboxylic acid, obtained from o-nitrobenzyl 
malonic ester or from o-nitrophenylpyroracemic acid, passes into 
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indigo on treating it with cone, sulphuric acid and oxidizing 
in air: 


rCH,C(XOOH 


/CH= 




Constitution of Indigo Blue , — ^The formula adopted for indigo is 
based upon the following facts : 

1. The vapour density corresponds to the molecular formula 
^ 16 ^ 10 ^ 2 ^ 2 * 

2. The ready formation of indigo blue from indoxyl and isatin, as 
well as its easy conversion into these bodies and into other indole 
derivatives, is an argument in favour of the view that the indigo 

formula is produced by the union of two groups: CeH4<^>C. 

3. That these two residues must be linked to each other by C-union 
is evidenced by the synthesis from di-(o-nitrophenyl) -diacetylene (see 
above), which would indicate that diphenyldiacetylene, C^HgC . C — C - 
C . CgHg, is the parent hydrocarbon of indigo. 

4. The formation of iV-diethyl indigo from iV-ethyl-v^-isatin shows 
the presence of NH-groups. 

Properties . — Indigo blue is a dark-blue powder with a reddish 
glimmer; it becomes metallic and copper-like under pressure. It 
sublimes in copper-red, metallic, shining prisms. It is insoluble in 
water, alcohol, and ether, in alkalies and dilute acids, and is odourless 
and tasteless. It dissolves in hot aniline with a blue, in molten 
paraffin with a purple-red, colour (this behaviour recalls the various 
colours of iodine solutions), and can be crystallized from these solvents 
in rhombic, strongly dichroic crystals (C. 1900, I. 771). It crystal- 
lizes from hot oil of turpentine in beautiful blue plates. Heated at 
the ordinary pressure, it partially decomposes and is converted into a 
dark-red vapour. The same occurs with decomposition under 30 to 
40 mm. pressure. See B. 18 , 1426, for the absorption spectrum of 
indigo and its derivatives. 

Woollen goods are dyed in two ways with indigo: (i) The wool is 
immersed in the aqueous solution of indigotin’sulphonic acid, which 
fixes itself directly (Saxony blue dyeing); or (2) the indigo blue is 
changed by fermentation to indigo white (indigo vat), the cloth 
saturated with the latter and exposed to the air, when indigo blue 
forms and sets itself upon the fibre. 

Indigo combines with both acids and alkalies. Thus, by dissolving 
indigo in glacial-acetic-sulphuric acid and adding ether, the crystalline 
sulphate, Ci0HiQN2O2.SO4Ha, is obtained (A. 826 , 196). 

On treating indigo with cone, aqueous caustic soda or sodium 
alcoholate solution at ordinary temperature, we obtain an addition 
product, CigHioNaOa.NaOH, in the form of a dark-green powder dis- 
sociated by water, which, on strong action by alkii, splits up into 
a-indoxyl idehyde and anthranilic acid (B. 43 , 1971): 


HO 
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Derivatives and Substitution Products of Indigo Blue, — Compaxe 
Ch. Ztg. 85 , 1158. 

The substituents axe usually indicated by the following scheme : 



On treating with alkaline hydroxylamine solution indigo gives a 
monoxime, CieHioN20(NOH), brownish- violet needles, m.p. 205° with 
dec. (B. 81, 1252). 

Symmetric^ substitution products of indigo have been obtained 
from substituted phenylglycines (B. 41, 3796 ), phenylglycine-o-car- 
boxylic acids, isatins, o-nitroacetophenones, o-nitrophenyl lactic acid 
ketones, etc.; unsymmetrical ones by condensation of substituted 
isatin chlorides and a-isatin anils with indoxyl. Special technical 
interest attaches to the halogenated indigotins, out of which those 
substituted in the 5 and 7 positions are particularly distinguished by a 
greenish tint and great permanence. Substitution in the 6-position 
yields reddish- violet dyes: 5 , 7 , 5 ', 7 '-tetra-chlorindigo, Byt/Zfan/ Indigo, 
and 5 , 7 , 5 ', 7 '-tetra-bromindigo, 

They can be obtained by the direct halogenation of indigo in the 
absence of water, best in warm nitrobenzene solution (C. 1908, 1 . 1014) ; 
or in cone. H2SO4 or cold chloro-sulphonic acid; or by the action of 
halogen upon the sodium bisulphite compound of dehydro-indigo 
(B. 42, 4408; 43, 937). A special interest attaches to 6 , 6 '-dibrom- 
indigo, dark violet crystals with a coppery lustre, which has been 
found to be identical with the purple of antiquity, gathered from the 
secretion of the Purple Snail, Murex hrandaris. It colours the fibre 
a dark violet merging into red (Friedlander, B. 42, 765). 7 , 7 '-Di- 

methyl indigo (see B. 42, 3641). iV-Dimethyl indigo, (CeH 4 : CgON.- 
C2H5)2, from ethyl-y-isatin ethyl oxime. 

a- and ;?-Naphthindigo eu*e produced from naphthylglycines by 
fusing with alkeili and subsequent oxidation according to method 
(i^i) for indigo blue (B. 26, 2547). Also from the naphthindoxylic acid 
esters obtained from naphthyl-amino-malonic acid esters (B. 82, 1236). 

In cone, sulphuric acid, indigo dissolves with a green colour. Only 
after prolonged heating of the solution does indigo monosulphonic acid, 
** Phoenicinsulphuric acid” CigH9N202.S03H, appear, which is precipi- 
tated by water as a blue powder, and forms salts soluble in water. 
Indigo disulphonic and trisulphonic acids (C. 1899, II. 1052) are pro- 
duced by strongly fuming sulphuric acid; the disulphonic acid forms 
alkali sdts soluble with difficulty in salt solutions. It is used com- 
mercially under the name of Indigo carmine as a kind of dough. That 
the sulpho-groups of this acid are in the ^-position towards the two 
imino-groups results from the synthesis of disulphonic acid by means 
of anthranihno-acetic-j^-sulphonic acid (B. 84, i860). 

Indigo-dicarboxylic acid, Ci9H8N202(C00H)2 is formed from o-nitro- 
phthalaldehydia acid, CeH,(COOH) as indigo is formed from 

o-nitro-benzaldehyde. 
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The oxidation of indigo with Pb02, AgjO, or KMn04 in indifferent 
solvents (best on adding a little glacid acetic acid) produces dehydxo- 
indigo, eH4, m.p. 210® -215° with dec., dark 

yellow plates. It is much more soluble in organic solvents than 
indigo, has a strongly oxidizing character resembling quinone, and 
easily reverts to indigo by reduction. It combines with two molecules 
of acid to light yellow salts. With sodium bisulphite it yields a 
beautifully crystalline addition product, CioHgN202,2NaHS03 +2H2O, 
of a brilliant canary colour, from which halogenated indigotins are 
obtained by halogenation in aqueous solution and subsequent decom- 
position of the resulting bisulphite compounds by boiling in dilute 
acids (B. 42,’ 3642, 3653). 

Indigo white, CigHigNgOg, is obtained by the reduction of indigo 
blue with Zn dust and alkali, hydrosulphite, or electrolysis (C. 1899, 
II- 235). It can be precipitated from its alkaline solution by hydro- 
chloric acid (air being excluded) as a white crystalline powder, soluble 
in alcohol, ether, and the alkalies, with a yellowish colour. As it 
results from indigo by the addition of two hydrogen atoms, and 
because of its phenol-like nature, it is represented by the formula of a 

di-indoxyl: It rapidly re-oxidizes 

to indigo blue by exposure to the air. On acyl derivatives of indigo 
white, see B, 34, 1858; 86, 2762. 

Indigo red and indigo purpurin are isomerides of indigo blue. The 
first occurs in commercial indigo, while the second is produced, together 
with indigo, from isatin chloride. 

Indiruhin, the indogenide of pseudo-isoXin, and indin, formed from 
isatide by fusion with caustic potash, or from dioxindole, are identical 
with indigo purpurin (B. 28, 540). 

8 . Dibenzofuran, diphenylene oxide, 



'^"VchAo/'\chA' 

melting at 81° and boiling at 288®, occurs in small quantities in “ stubb- 
fat,'' and may be obtained synthetically (i) by distilling phenyl 
phosphate with lime; (2) by the same treatment of phenol with lead 
oxide; {3) on conducting phenyl ether through tubes heated to redness; 
(4) by decomposing the diazo-derivative of o-amino-phenyl ether ^th 
sulphuric acid (compare B. 29, 1876) ; and best by the action of dilute 
acids upon the tetrazo-compound of o-diamino-diphenyl (B. 25, 2746) : 

C.H4^ -C, 1 U ^ 

\NH, NH,/ 

Bromine converts diphenylene oxide into dibromodiphenylene oxide, 
melting at 185°. Fuming nitric acid changes to dinittodiphenylene 
oxide, melting at 200°. &aminodipheiiylene oxide, melting at 188°, 
3nelds valuable substantive azo-dyes. Acetyldiphenylene oxide melts 
at 81° (see B. 24, R. 744). 
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9. Dibenzothiopheo, diphenylene sulphide, 

CH 

melting at 97® and boiling at 333®, is produced when phenyl disulphide, 
(CgH5)2S2, and phenyl sidphide, (CeH5)2S, are distilled through tubes 
heated to redness. Chromic acid oxi(hzes it, in contradistinction to 
thiophen, to diphenylene salphone» (CqH.^2^^2* nielting at 230°. 

Dinaphthothiophen» melting at 147®, is constituted 

s 

analogously to dibenzothiophen. It results when concentrated sul- 
phuric acid acts upon dioxydinaphthylene sulphide (B. 27 , 3002). 

10. Dibenzopyrrole, diphenylenmmme or carbazole, 




/C\ /C\ /Hh’ 


melting at 238® and boiling at 351®, occurs in crude anthracene. It is 
withdrawn from it as potassium carbazole by fusion with caustic 
potash. It may be synthesized: 

(i) By conducting diphenylamine through tubes heated to redness; 
(2) by heating thiodiphenylamine with copper in powder form; (3) by 
distilling o-aminodiphenyl with lime (B. 24 , 306); (4) by heating 0- 
diaminodiphenyl with acids (B. 26 , 133); (5) from o-aminodiphenyl- 
amine through the diazo-compound. The phenylbenziminazole, pro- 
duced at first, ^fields, when exposed to a higher temperature, nitrogen 
and carbazole (A. 291 , 16) : 


(2) — Carbaiol 


j — 'CgHj (3) 
/ — CeH, -sjjH, 

( 5 ) 


Behaviour . — Cairbazole gives the pine-shaving reaction and the blue 
coloration with sulphuric acid and isatin, just the same as the pyrrole 
and most of the indole derivatives. This and its other deportments 
would justify the conclusion that it is dibenzopyrrole or benzoindole — 
e.g., tetrahydrocarbazole, when fused with potassium hydroxide, breaks 
down into a-indolecarboxylic acid: 


HC/"»V 


yCH\ 
-c^ XH 




i 


ch/'-V 




H 




CH< 


\ 


CH 

CH 




(!h. 


CH" 

I II u 

CHv yC\ /C.COjH. 


'NH' 
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Carbazole, like p3n:role, is a very feeble base. It forms a stable salt 
with picric acid; iht pier ate melts at 182"^. Nitrous acid converts it 
into nitrosocarbazole, (C^HJaN , NO, melting at 84®. Heated with potash 
it yields potassium carbazole, (C^HJgNK. Alkyl iodides convert this 
into iV-metbylcarbazole» (CgHJNXHg, melting at 87®, and iV-ethyl- 
carbazole, (C^HJaN X2H5, melting at 68®. Carbazole and acetic anhy- 
dride yield N-acetylcarbazole, (CgH4)2N . COCH3, melting at 69®. Chlorine 
produces various chlorcarbazoles ; nitric acid, nitrocarbazoles (A. 202 , 27 ; 
B. 29 , R- 292, 650, 1112). When carbazole and oxalic acid are fused 
together, Tricarbazylcarbinol or Carbazole Blue results. Dimethyl 
carbazole, (CH3.CgH3)2NH, melting at 364®, is made from o-toluidine 
by the pyrogenic method (B. 29 , 2594). 

Hydrocarbazoles. — Tetrahydrocarbazole, melting 

at 1 19®, results from the reduction of carbazole, as well as from the 
phenylhydrazone of ketohexamethylene, analogously to Fischer's 
indole synthesis. It behaves like an alkyl indole (compare hydro- 
naphthalenes). When acted upon by alkyl iodides or with chloroform, 
it passes in a similar manner into acridine derivatives, just as the 
indoles become quinoline compounds (Gaz. chim. ital. 24 , in). By the 
potash fusion it, like the alkyl indoles, yields indolecarboxylic acid 
(see above and B. 26 , 2006). Tetrahydrocarbazolecarbozylic Add, 
-^OOU, melting at 230®, is formed from the phenyl- 
hydrazone of ketohexahydroberizoic acid (B. 22 , 2185). Hezahydro- 
carbazole, melting at 99® and boiling at 267®, is a 

strong base (A. 163 , 352), just like the pyrrole and indole hydrides. 

The following are similar to carbazole in method of production and 
in their behaviour: 


C.oH.\^H 

N aphtl o-^nzopyrrole. 


Cio^e^ 

Dinaphtho-pyrrole. 


CwHsX 

®>NH. 

C.H4/ 

Phenanthro-benzopyrrole. 


Of the three possible isomers [1,2]-, [2,1]-, and [2,3]-naphtho« 
benzopyrrole, m.p. 225®, 135®, and 330® respectively, the iirst two 
have been obtained from a- and /1-naphthol with phenylhydrazine; 
the second also from 2,3-hydroxy-naphthoic acid with phenylhydrazine 
and subsequent elimination of COg (C. 1901, II. 427) ; the last is found 
in crude anthracene. Dinaphthopyrroles are known, with melting- 
points at 155° [syw. 1,2 isomer], 231® [1,2,2', i'], and others (compare 
C. 1903, I. 588, 883). 

Phenanthro-benzopsrrrole, a)S-diphenylene indole, m.p. 189; phen- 
anthro-naphthopyrroles, m.p. 220® and 225®. 


POLYHETERO-ATOMIC FIVE-MEMBERED RINGS. 

The acetals and mercaptals of ethylene glycol — e.g., ethylene 
ethylidene ether (I.), and ethylene ethylidene sulphide (II.) ( 1 . 317, 324) — 
are five-membered rings with two 0 - or S-atoms. This is also the 
case with the ethylene esters of the carbonic acid group — e,g,, carbonic 
ethylidene ester (III.), and trithiocarbonic ethylene ester (IV.) (I. 434), 
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the ethylidene esters of a-oxyacids — lactic ethylidene ester (V.), 
and chloralide, its chlorination product (VI.). 


CHg— 0\ 

CH,— S\ 

"■ chI-s)™-™- 


IV. V- 

CHj—S/ 


V. 


VI. 


CH. 


XH.CH3. 
CO— 0 / * 


CCI 3 .CH— 0\ 
CO— o/‘ 


CH.CH,. 


Several five-membered cyclic esters and amido-derivatives have 
ilso been obtained from phosphoric acid (see B. 31 , nil, etc.). 


AZOLES. 

There is another group, of greater importance than those discussed. 
It comprises the bodies containing polyhetero-atomic five-membered 
rings, which are embraced under the name azoles (A. 249, i ; B. 24, 2824 ; 
B. 22, R. 737). They contain as hetero-atoms N and O, N and S, or 
only N-atoms. We may view them as derived from the monohetero- 
atomic rings — furan, thiophen, and pyrrole — by the replacement of 
methine groups by N-atoms, whereby, as previously indicated, the 
stability of the ring is very slightly afected. Viewing the numerous 
classes of bodies belonging here as nitrogen substitution products of 
the monohetero-atomic rings, we arrive at a natural systematization 
of the former, and ^so reach a simple nomenclature for them, which 
in many instances is quite similar to the names which have become 
peculiar to the individual groups. The individual azoles, depending 
upon whether they are derived from furan, thiophen, or pyrrole, by 
the replacement of one, two, or three CH-groups by N-atoms, are 
designated as furo-monazoles, thio-diazoles, pyrro-triazoles. To dis- 
tinguish the metameric rings the methine groups of furan, etc., 

[b]CH=CH[a] 

are termed [a], [aj, [b], [bj | >R, and the substituents as 

[bJCH=.CH[aJ 

a, oi, p, (p. 13), so that we distinguish furo-[diymonazole, furo-\hy 
monazole, pyrro-\djo.^~diazole, pyYro\^\diazole, pyrro^dh^-diazole, etc. 
Retaining the names of the individual bodies and the groups introduced 
by their discoverers, there will in the following pages be placed at the 
beginning of each individual group the names resulting from the intro- 
duction of the nomenclature just described. This will render the 
constitution and the position of the azoles in the system, which follows, 
very evident: 


CH=CH. 

1 >0 

CH=CW 

CH=CHv 

CH=CHv 

1 

1 >NH 

CH =:CH/ 

CH=CH'^ 

Furan. 

Thiophen. 

Pyrrole. 

CH=N . 

CH=N V 

CH=N V 

1 >0 

CH =Ch/ 

1 

CH=CH/ 

1 >NH 

CH=CH/ 

Furo-[a]-monazolc, 

Isoxazole. 

Hiioofal-monazole, 
Comp. Bcmisothiacol 

Pyiro-[a]*mona2olc, 

Pyrazolc. 
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r 

o 

N=CHv 

N^—CHv 

1 >o 

1 

i 

CH=CW 

CH=CH/ 

cn^cw 

Furo-[b]-nionazole, ' 

ThioJb]-monazoIe, 

,Thiazoles. 

Pyrro- [b]-monazolc, 

Oxazoles. 

Imidazoles, Gly- 
oxalines. 

CH=Nv 

CH=n/ 

CH=Nv 

0 

X 

11 

1 

CH=n/ 

1 ;>NH 

Furo-[aai]-diazole, 

Thio-faajl-diazoles, 

PyTro-[ac^]-diazole, 

Furazans. 

Piazthioles, 

Osotnazolo. 

N— =N . 

X'M — X-M V 

X"^- X'N V 

1 >o 

1 

I 

CH 

CH=CH/ 

cn=cw 

Furo-[ab]-diazole, 
Anhydrides of o-Diazo- 
phenols. 

Thio- [ab]-diazoIe, 
Phenylenediazo- 
sulphides. 

Pyrro-[abj-diazole. 

N-CH. 

N=CR 

N==CR 

1 >o 

1 

1 >NH 

N=CH/ 

N-CH^ 

n=ch/ 

Furo-[bbj]-diazole, 

Oxydiazoles. 

Thio-[bb^]-diazolc, ' 
Thiodiazoles. 

Pyrro-[bbjl-diazole, 

N=CR 


N=CR 

CH-N / 

1 

I >NH 

CH=N / 

CH=N / 

Furo-[abi]-diazoIe. 

Thio- [abj]-diazole. 

Pyrro- [abil-diazole, 
Triazoles. 

N---- N. 


N^Nv 

1 Vh 

1 

1 Ns 

CH--=N^ 


CH=N/ 

Furo-[aaib]-triazole. 

Thio-[aajb]-tri azole. 

Pyrro-[aabi]-triazole, 

Tetrazoles. 

N=CR 

1 >0 

N^N / 

N=CR 

N=CH. 

1 >S 

1 NnH 

N=N / 

N=N ^ 

Furo-[abbi]-triazoIe 
(Comp. B. 29, 2492). 

Thio-[abb£]-triazoles. 

Pyrro-[abbi]-triazole, 

Tetrazoles. 

1 ^0 

Ns 

1 >NH 

N=N'^ 

N = n/ 


Furotetrazole. 

Thiotetrazole. 

Pent azole. 


The parent substances of all the rings just given have not been 
prepared. In most instances, however, their next homologues are 
known; in some cases only the 6m.2:o-derivatives. Only single repre- 
sentatives of the furo- and thiotriazoles are known at the present time. 
It is, however, not impossible that by synthesis these rings, consisting 
mainly of inorganic elements, may be multiplied and the system 
extended. Indeed, we may succeed to such a degree that the purely 
inorganic rings — e.g,y those constructed from four N-atoms and an 
NH-group — will be prepared. This would be a ring homologue of 
hydr azoic acid. From the standpoint of a nitrogen chemistry the C- 
containing rings could be as readily evolved from the nitrogen ring by 
replacing the N-atoms with CH-groups, as was suggested above in the 
reverse case. 

The derivation of these ring systems from furan, thiophen, and 
pyrrole, enables us to regard the chief formation methods of the 
azoles as the analogues of the general formation of furans, thiophens, 
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and pyrroles from aS-diketones and aS-diolefine glycols. The ultimate 
azole generators are obtained by making the " azo-substitution '' in 
the 1,4-diolefine glycol chain — e,g, : 


.C=C{OH), (SH.NH,) 

.C=C(OH) 

aj'Diolefine glycols, alone, with 
PgSj, with NH,. 

.9 = N(OH) , (NH,) 

.C=C(OH), (SH) 

ay-Diketone-oximes (-hydrazones) 
(o-Nitrobenzylmercapt an) . 

N=C(OH), {SH,NH,) 

.C=C{OH) 

Ketonyl derivatives of amides (•thiamides, -amidines). 

.9 = N(OH), (NH,) 


.C=:N(OH). (NH,) 

a^-Diketone-oximes (-hy^azoximes, -osazones). 

.C= N(OH), (NHa) 

N=C(OH). (SH) 

Acidyl>amidoximes Q-hydrazidines, 
Iliioacidyl«amidoximes). 

N= C(OH), SH,NHj) 

N = C(OH) 

Diacylhydrazines, alone, with PjSg, with NHj, 

.C=C(OH), {SH,NH,) 


o-Diazo-ketones (-thiophenols, -anilines, etc.). 

.C=N(NH,) 


N = N(OH) 

Diazohydr azides. 


Furaus, Thiophens, Pyrroles. 

Furo-, Thid-, Pyrro-[a]-monazoles. 

T-P°- 

Furo-, Thio-, Pyrro-[b]-monazoles. 

Furo-, Pyrro-[aajl-diazoles. 

(S,NH) 

N=C/ 

Furo-, Thio-, PyiTo-[abjl-diazole8. 

Furo-, Thio-, PyiTO-[bbi]-diazole8. 

(S,NH) 

Furo-, Thio-, Pyrro-[ab]-diazoles. 

•C=N\,_ 

N 

Pyrrotriazoles, etc. 


It is useful to compare the above scheme with the processes 
detailed below. 

The numerous and important pyrazoles, together with their benzo- 
derivatives, the indazoles, consisting of dihetero-atomic rings, will be 
next discussed; then will follow the isoxazoles, with their 6^w^o-deriva- 
tives, the benzisoxazoles. After this will appear the glyoxalines or 
iminazoles, the oxazoles, and the ihiazoles, sometimes in conjunction with 
their benzo-derivatives, which it is customary to consider under the 
name of anhydro-bases, because they are formed from o-diamines, 
o-aminophenols, and o-aminothiophenols with carboxylic acids by the 
exit of water. In the trihetero-atomic rings, again, the groups of the 
pyrrodiazoles or triazoles are placed first; the azimides ojiipseudo-azi- 
mides belong to their benzo-derivatives. Attached to these are the 
furodiazoles: the furazans, diazo-oxides, oxydiazoles, azoximes; and 
the thiodiazoles : azosulfimes, thiodiazolines, piazothioles (piaselenoles), 
thio-lzbl-diazoleSt and phenylenediazosulphides. The triazsulpholes and 
teir azoles conclude the list. 
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I. PYRAZOLE OR PYRRO-[a3-MONAZOLE GROUP. 

P5a*azole, C8H4N2, may be regarded as derived from pyrrole by 
replacement of a methine-group adjacent to an NH-group by nitrogen 
--^yrro-[di]-monazole (see above). See 3-methylp5n’azole for details in 
regard to the constitution of pyrazole. There ^e a dihydropyrazole or 
pyr azoline and a tetrahydropyrazole or pyrazolidine corresponding to the 
di- and tetrahydrop3nTols, 

Keto-substitution products of these hydrogenized pyxazoles are 
ketopyrazoline or pyrazolone, among the derivatives of which is the 
febrifuge antipyrine, ketopj^^azolidine or pyrazolidone, and diketo- 
pyrazolidine, corresponding to the butyrolactam or pyrrolidone and 
succinimide. The subjoined diagram indicates the relations existing 
between these p5n-azole and the p5nrrole derivatives: 


CH-CHv CH-CH 


\ CH-CH\ CHj—CHjVv CHj— CHa\ CH,— CO\ 

Nmm I I ' \vw • >1 


k-CO. c1h,-Co/^ 

Pyrrole. Pyrroline. [Pyrrolone].* Pyrrolidine, Tetra- Pyrrolidone, Dflcetopyrrol- 


methylene imine. Butyrolactam. 


idine. 


CH-N \ CH-^ 

I yNH I 

CH-CH/ 

Pyrazole. 


\ CH-»N \ CH,— NHv CH,.NH\ CO — NH\ 

Nnh j I ] >NH I 

CH,— CO/ CH,— CH./ CH*.CO/ CH,— CO 


CH-N \ CH«N \ 
J>NH I \ 

tyrazoline. 


P5rra2olone. [P)rra 2 oirdine]. fPjrrazolidone]. 


^NH 

3*,5-Diketo- 

pyrazolidine* 


Pyrazole, C3H4N2, melting at 70*^ and boiling at 187®, results from 
epichlorhydrin, hydrazine hydrate, and zinc chloride (B. 28, 1105). A 
better method consists in splitting off COg from its carboxylic acids 
(B. 26 , R, 282), or in the action of bromine upon pyrazoline (B^ 29 , 
775). It is a feeble base; its salts are unstable. It does not combine 
with methyl iodide. An ammoniacal silver solution precipitates 
silver pyrazole, C3H8H2Ag, corresponding to potassium pyrrole. The 
platinum double sdt, (C3H4N2.HCl)2PtCl4, at 200®~2i0®, loses four 
molecules of hydrocUoric acid and becomes (C3H3N2)2PtCl2 (B. 26 , 
R. 185). H-Acetylpyrazole, boiling at 156®, and '^-henzoylpyr azole, 
boiling at 281®, result from the action of acetyl chloride and benzoyl 
chloride upon p5a-azole (B. 28 , 716). 

The pyrazole derivatives are designated in the following manner : 

(3) cri — N (2) 

I Nnh (i) (or N ) ; the numbering proceeds from the imine 

(4) (!:h = ch(5K 

group, beyond the second mtrogen atom. 

I. Homologous Pyr azoles are formed: 

(i) From the hydrazones of the / 3 -diketones and ^-ketone aldehydes 
or hydroxymethylene ketones. As a rule, the reactions proceed 
smoothly with the elimination of water, when the ketones are digested 
with the hydrazines: 

CeH^.C— CH=C.CH, 

C.HjCO.CH,.CO.CH,+CeHj.NH.NH,= I! I + 2HjO. 

N NC(|Il5 

Benzoyl acetone. ' 5-Methyl-i,3*diphenyl pyrazole. 

By this procedure the unsymmetrical j3-diketo-compounds 3deld 
two isomeric pyrazoles; this is because the two possible hydrazones are 

• The parent substances, enclosed in brackets, are only known in the 
derivatives. 
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formed. In the example cited the t,'^,ybody is produced, together 
with 1,3,5-diphenylmethylpyrazole. The oxalyldiketones (I. 597; 
II. 640) and phenylhydrazine 3deld the bis-phenylalkylpyrazoles : 
RC =CH— C— C— CH =CR 

^ „ I II II I (A. 278, 295). 

C,H.N N N NC,H. 

(2) By the elimination of carbon dioxide from the homologous 
pyrazolecarboxylic acids. 

(3) By the loss of hydrogen from the pyrazoline. Frequently, in 
reactions where p5n‘azolines may well be expected pyrazoles appear. 
This is true of the interaction of the hydrazines and epichlorhydiin : 


CH,— CH— CHXl + NH, .NHC,H, CH,— CH = CH — 2H CH— CH =CH 

\ / — >1 I — >11 I 

O NH — N.C.H, N N.C.H, 

Epichlorhydiin. (iV-Phenylp3nrazoline). JV-Phenylpyrazolc. 

{4) P3n-azoles also result upon distilling pyrazolones or pyrazolidones 
with zinc dust or PgS^ (B. 26, 103), or on heating them with phosphorus 
tribromide under pressure (A. 362, 322). 


CH=CH 


Phenyl methylpyrazolone. 


I >NC.l 

CHj.C— ----N/ 

Pheuylmethylpyrazole. 


)>NC,H,. 


(5) Certain hydrazones of mono-ketones yield pyrazoles when they 
are heated with acid anhydrides (Bull. Soc. Chim. [3], 11, 115; see 
B. 28, 703, Anm. 4) : 


u 

Acetophenylhydrazone. 


+ (CH3.C0)20- 


CH3.C-N 

-> I >N.CeH3-fCHj.CO 
HC=C.CH, 

1 , 3 , 5 - Phen yidimet h ylpyrazole. 


Behaviour , — The homologous p5n’azoles may be arranged in three 
groups: (i) Pyrazoles with free imine-group; (2) A/'-alkyl substituted 
pyrazoles, which can be obtained from the first class (or their silver salts) 
by the action of alkyl iodides — best by the distillation of the iod- 
alkylates (B. 28, 716) with an excess of alkyl iodide — or from j5-dike- 
tones and alkylhydrazines; (3) AT-phenyl substituted pyrazoles, which 
are made through the phenylhydrazines, and are chiefly distinguished 
by their stability and power of crystallization. 

All pyrazole homologues are feeble bases. They form double salts 
with silver nitrate, mercuric chloride, and platinic chloride. The 
platinum double salts, like that of pyrazole, part with 4HCI on heating, 
and become RgPtClg (R = the pyrazole residue). They usually com- 
bine with alkyl iodide to form ammonium compounds (see above). 

Potassium permanganate oxidizes the C-alkyl pyrazoles to pyrazole- 
carboxylic acids, in contradistinction to the pyrroles, which are 
destroyed by this reagent (B. 22, 172). 

In the iV-phenyl pyrazoles during the oxidation the phenyl group 
is often split off and replaced by hydrogen. This is particularly 
true if it be aminated. The behaviour is quite different during reduc- 
tion. Pyrazoles with the free imine-group are but slightly altered by 
the reducing agents (A. 278, 266). iV-Phenylpyrazoles are reduced to 
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pyrazolines (p. 83), which yield intense colorations with ferric chloride, 
chromates, etc. {Knorr's pyr azoline reaction). In more energetic reduc- 
tions trimethylenediamine derivatives are formed by the rupture of the 
union between the N-members. In some iV’-phenylp)n:azoles the 
reduction is accompanied by the splitting off of the phenyl group as 
benzene or some similar group. 

The iodo-alkylates of the iV-alkyl or aryl pyrazoles decompose on 
boiling with KHO, splitting off symm. dialkylhydrazines (B. 89 , 3257 ; 

3523; • NcH— NCH, HNCH, 

(i) Pyrazoles with Free I mine Hydrogen: 3- (or 5-) Methylpsnrazole, 
C H N =CH .C N— — -N 

* * * * I 1 (see below), is an oil boiling at 204°. It 

CH CH 

results — 


[а) From the interaction of hydroxymethylene acetone and 

hydrazine. 

(б) From its carboxylic acids. 

(c) As well from 1,3- as from 1,5-phenylmethylpyrazole by elimina- 
tion of the phenyl group through oxidation (A. 279 , 217-225). 

The last two methods show conclusively that 3-methylpyrazole and 
5 - methylpyrazole are identical. It is concluded, therefore, that 
pyrazole, like benzene, possesses ‘'oscillating linkages’'; the imine 
hydrogen atom is capable of oscillating between the two N-atom? 
(Knorr, A. 279 , 188). The formula presented above for pyrazole is 
supposed to represent this condition. 

3.5- Dimetliylpyrazole, NH — N=C(CH3) — CH=C(CH3), melts at 

107° and boils at 220°. It is obtained from acetylacetone and hydrazine, 
and from i, 3, 5-phenyldimethyl pyrazole by reduction {elimination of 
the CfA^-group) (B. 25 , R. 16 3, 744). 

3.4.5- Trimethylpyrazole, NH— N =C(CH3)— ClCHg) =C{(I:H3), mdt- 
ing at 138° and boiling at 233°, is obtained from methylacetylacetone. 

I 1 

3,4,4, 5-Tetrametbiylpyrazole,N =C(CH3) — C(CH3)2 — C(CH3) =N,melting 
at 50°-55° and boiling at 243°, is formed from dimethylacetylacetone 

C.H5C— N— N 

(A. 279 , 244, 247). 3- (or 5-) Phenylpyrazole, | I , melt- 

CH CH 

ing at 78°, is formed from benzoylacetaldehyde (B. 28 , 696). 

Isomeric 4-Pheii]rlp3rrazole, melting at 228®, is obtained from 1,4- 
phenylpyrazolecarboxylic acid (A. 279 , 254: B. 27 , 3247; 28 , 223, 699); 

3 > 5 -Phenylmethylpyrazole, NH— N=C(CH3)— CH=C(CgH5), melting 
at 128° and boiling at 317°, has been prepared from benzoylacetone 
(A. 279 , 248), as well as from phenylmethylisoxazole, on heating with 
alcoholic ammonia (B. 28 , 2952). 

(2) Pyrazoles: N- (or i-) Methylpyrazole, C3H3N2.CH3, 

boiling at 127°, is formed in the interaction of silver pyrazole and 
methyl iodide (B. 26 , R. 281; 28 , 716). 1,3-DimeUiylpyrazole, 
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C8H2(CH3)Na.CH3, boils at 150° (A. 279 , 231) ; 1,3,5-Trimethylpyrazole, 
C3H(CH3)2N2GH3, melting at 37"" and boiling at 170°, crystallizes in 
combination with one molecule of chloroform. 1,3,4,5-T 
pyrazole, C3(CH3)3N2CH3, boils at 190® to 193°. These compounds are 
also formed from acetylacetone and methylacetylacetone by the 
action of methylhydrazine (A. 279 , 232, 235). 

(3) l:il-Phenyl Pyr azoles .— (or i-) Phenylpyrazole, C3H3N2 . CeHg, 
melting at ii® and boiling at 246®, with sp. gr. 1.1125, is obtained 
from epichlorhydrin and phenylhydrazine (see above), as well as from 
its carboxylic acids. It 3delds, upon reduction, phenylpyrazoline, 
together with phenyltrimethylene^amine. iV-Tolylpyrazole, C3H3- 
N2.C7H7, melting at 33® and boiling at 259®, yields in like manner 
tolyltrimethylenediamine (Gaz. ch. ital. 18 , 354). i-Phenyl-3-methyl- 
pyrazole melts at 37® and'boils at 255®. Its iodomethylate melts at 144®. 
The first body is derived from phenylmethylpyrazolone (A. 238 , 203 ; 
B. 24 , 648), as well as from hydroxymethylene acetone, together with the 

isomeric i-Phei^l-S-methylpjrrazole, CgHgN — N=CH — CH = (I^(CH3). 
This is an oil boiling at 255®. Its iodomethylate melts with decomposition 

at 296®. . i-Ph6nyl-4-methylpyrazole, C3H5N— N =CH — C(CH3) =:CH, 
boiling at 266®, is formed by a rearrangement of the iodomethylate 
of i-phenylpyrazole (B. 26 , R. 327). i-Phenyl-3,5-dimethyIpyrazole, 
C3(CH3)2HN2.C3H5, boiling at 273®, is obtained from acetyl acetone. 
Upon reduction it 5delds dimethylpyrazole and benzene, together 
with i-Tetrahy dr ophenyl~'i,S~^imethylpyr azole, which, by oxidation, 
is decomposed into dimethylpyrazole and adipic acid (B. 26 , R. 246). 
i-Phenyl-3,4-dimethylpyrazole, boiling at 278®, results from hydroxy- 
methylene methyl ethyl ketone, CHOH : C(Cil ^ . CO . CH3 (B. 25 , R. 943) . 
1,3-Diphenylpyrazole, C3H2(C3H5)N2.C3H5, melting at 56® and boiling 
at 337°, is obtained from benzoylacetaldehyde (B. 21 , 1135); 1,5- 
Diphenylpyrazole, melting at 54® and boiling at 340®, is derived 
from its carboxylic acid (B. 25 , 3145); 1,3,5-TWphenylpyrazole, 
C3H(C^5)2.N2.C3H5, melting at 212®, is made from its carboxylic 
acid (B. 26 , 1881). See A. 289 , 332, for the production of 1,3,4- 
triphenylpymole, melting at 185®, by the decomposition of i, 3,4,6- 
tetraphenyldibydropyridazine (see A. 289 , 332). 

2. Haloid-, Nitoo-, Nitroso-, Amino-pyrazoles, Benzeneazo-P3a*azoles, 
Pyrazole-snlphonic Acids. — ^The halogens replace the hydrogen atoms 
in p5n'azole. Bromine reacts most readily. The halogen atoms in the 
4-position are most securely combined. Chloropyrazoles are formed 
by the action of phosphorus oxychloride upon p5n-azolone. In the 
sulphonation and nitration of pyrazole the NOg and SOgH-groups also 
enter the nucleus. iV-Phenyl pyrazoles are nitrated and sulphonated 
in the phenyl residue. iV’-Phenylpyrazolesulphonic acids have also been 
prepared by the introduction of phenylhydrazine sulphonic acids in the 
pyrazole syntheses (A. 278 , 296). In the nitropyrazoles the basic 
character of the pyrazoles disappears. They are acids, which form 
stable sodium, potassium, etc., salts. 

The aniino-p5n:azoles result in the reduction of the corresponding 
nitro-bodies. They resemble the aromatic amines in their deportment. 



PYRAZOLE OR PYRRO-[a]-MONAZOLE GROUP 79 

They have also been obtained by the action of hydrazines upon the 
nitiiles of j 5 -ketone-carboxylic acids and upon malononitrile; also by 
disintegrating the pyrazole carboxylic acids by way of the hydrazides, 
azides, and urethanes by the method of Curtius. Nitroso- and benzene- 
azo-pyxazoles are formed synthetically from i sonitroso- and benzeneazo- 
/?-diketones with hydrazines. 

4-Chloropyrazole» CgHgClNg, m.p. 77°, is formed by the action of 
sulphuryl chloride upon p3n:azole in ether solution (C. 1906, 11 . 684). 
4-Bromopyrazole, CgH^rNg, m.p. 97°; 3-Metbylbromopyrazole» m.p. 
67° (A. 279 , 227) ; 1,3,5-Mphenylbromopyrazole, m.p. 142°; i-Phenyltri- 
bromopyrazole, m.p. 107°; 4-Iodopyrazole, C3H3IN2, m.p. 108° (also from 
pyTazole-4-diazoniumchloride and KI (B. 26 , R. 281; 37 , 3522); 1,4- 
jPhenylohloropyrazole, m.p. 76"" (A. 813 , 21); 3,5-Phenylchloropyrazole, 
m.p. 142° (A. 852 , 159) ; 1,5-Phenylchloropyrazole, i-Phenyl-3-metliyl-5- 
chloropyrazole, b.p.9 142®, and i-Phenyl-3,5-dichloropyrazole, m.p. 26®, 
b.p.i3 171®, from i-Phenyl-5-pyrazolone, 1,3-Phenylmethylpyrazolone 
and phenyloxypyrazolone (B. 31 , 3003 ; A. 320 , 28). i-Phenyl-5-metliyl- 

3- chforop3rrazole, b.p.jg 170®, from i,5-Phenylmethyl-3-p3n:azolone. 

4-Nitropyrazole, C3H3(N02)N2, m.p. 162®, is also obtained S5mtheti- 
cally from the resiilts of the action of hy^azine upon nitromalonic 
aldehyde; also i-phenyl-4-nitropyrazole, m.p. 127®, from phenyl 
hydrazine and nitromalonic aldehyde (C. 1899, IL 609). 3-Meth3ri- 

4- mirop3rrazole, m.p. 134®, b.p. 325®, from methylp3rrazole or 3-methyl- 

5- pyrazolecarboxylic acid with nitrosulphuric acid (A. 279 , 228). 
4-Nitro-i,3,5-triinethylpyrazole, m.p. 57®. 3,5-Dimethyl- and 1,3,5- 
Phenyldimethyl-4-mtoo6opyrazole, €3(0113) 2(NO)N2H, blue needles, 
m.p. 128®, and C3(CH3)2(NO): N2(CgH5), ^een flakes, m.p. 94®, are 
formed from zs/?nitroso-acetylacetone (Vol. I.) with hydrazine and 
phenylhydrazine. The latter is oxidized by nitric acid to 1,3,5-phenyl- 
dimethyl-4-nitropyrazole, m.p. 103® (A. 325 , 192; B. 40 , 664). 

4-Ammopyrazole, C3H3(NH2)N2, m.p. 81®, sublimes easily. It is 
prepared by reducing 4-nitropyTazole with zinc dust and acetic acid ; 

also by splitting up isoxan thine, which is formed 

from amino-methyluracil with N2O3 (A. 323 , 281; B. 87 , 3520). 
It is easily soluble in water, and rapidly absorbs atmospheric 
oxygen, especially in alkaline solution, and acquires a dark colour. 
More stability is shown by 3(3)-ammo«psrrazole, b.p. 282®, and 3,5-di- 
amino-psrrazole (dibenzoate, m.p. 207®), obtained by breaking up the 
pyrazole carboxylic azides. 4'^mino-i,3,5-trimetliylpyrazole,m.p. 103®, 
by reduction of nitro-trimethyl-pyrazole. With nitrous acid the amino- 
P 5 n:azoles form remarkably stable diazonium salts, not decomposed by 
boiling in water, which resemble the aromatic diazo-compounds in 
their transformations, and may, for iifttance, be converted into azo- 
dyes by combining them with anilines, phenols, etc. Other benzeneazo- 
pyrazoles like i-Phenyl- and i,5-Pheiiylmethyl-4-benzeneazopsrra2sole, 
CeH^N :NC3H2N2.CeH3, m.p. 124®, and G3H3N : NC3H(CH3)N2.CeH3, 
m.p. 112®, have been obtained synthetically from the benzeneazo-com- 
pounds of malonic dialdehyde and aceto-acetic aldehyde with phenyl hy- 
drazine; while the i,3-ph6nylmethyl-4-bem&eneazo-P3nrazole,m.p. 126®, 
has been obtained from benzeneazo-phenyl-methyl-pyrazolone (B. 86, 
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35961 3669). i,5,3-Dipheiiyl-methyl-4-ben2»neazo-pyrazole, m.p. 136®, 
from phenyl methyl triketone with phenylhydrazine (B. 85 , 3317). 
i-Phenyl-3-methyl-5-azopyrasBole, m.p. 62°, from phenyl hydrazino- 
P5nine by oxidation with HgO and subsequent heating (B. 42 , 2765). 

i,3-Pheiiylmethyl-5-amino-pyrazole, m.p. 116°, from diaceto-nitrile 
with phenylhydrazine, is also formed by superheating antipyrine 
chloride with ammonium carbonate (A. 389 , 134). 

i-Phenyl-34-^thylmethyl-5-aminopyrazole, m.p. 81°, from methyl- 
propionylacetonitrile, C2H5COCH{CH3)CN, and phenylhydrazine (Bull, 
soc. ch. [4], 4 , 647). 

Methylpyrazolesulphonic acid, C3H2N2(CH3)(S03H), m.p. 258°, from 
methylpyrazole with fuming sulphuric acid (A. 279 , 230). 

3. ^droxypsrrazoles. — The hydroxypyrazoles are desmotropic with 
the ketopyrazolines or pyrazolones: 


Enol form : 


CH.C(OH):CH 
N NH 

4-H ydroxypyrazole. 


CH.CH:C(OH) 
N ^NH 

5- Hydrox ypyrazole. 


C(OH).CH :CH 
N NH 

3- H ydrox ypyrazole. 


Keto form : 


CH.CO.CH, 
N NH 

4-Ketopyrazolme. 


CH.CHjj.CO CO.CH ; CH 
N- 

5-Pyrazoloiic. 3’Pyiazolone. 


In the 4-hydroxyp5n-azoles the hydroxyl form seems to be the more 
stable. They easily yield urethanes and benzoic acid esters with 
phenyl isocyanate and with benzoyl cliloride, and they yield benzene- 
azo- and isonitroso-compounds with diazo-benzo-salts and with N2O3 
(A. 313 , i). But the 3- and 5-pyrazolones also yield on alkylation, 
besides isomeric A^-alkyl derivatives (an tipyrines) , alkoxypyrazoles, and 
with acid halides esters of hydroxypyrazoles. With alkyl iodides, the 
alkoxypyrazoles give addition products which can also be obtained 
from the antipyrines with alkyl iodide. These revert to antipyrines 
on slightly warming alone or with alkali. The acid esters of the oxy- 
P3^azoles also give alkyl iodide addition products which, on splitting 
up, yield antipyrines (J. pr. Ch. [2], 54 , 177; 55 , 145; A. 293 , 42; com- 
pare also B. 32 , 2399). Alkoxypyrazoles are also obtained by elimina- 
tion of HgO from the hydrazones of j?-ketone acid esters by suitable 
reagents. 

4»H3rdr oi y py razole, m.p. 118®, from its carboxylic acid, with benzoyl 
chloride and soda, gives i,5-dit>enzox3rp3n:azole, m.p. 109°, and with 
methyl iodide the iodo-methylate of i-methyl-4-oxy pyrazole. i-Phenyl- 
4-hydroxypyrazole, m.p, 120®, from its carboxylic acid, gives with phenyl 
isocyanate, C3(OCONHCeH5)H2N2 . C3H5, m.p. 168®. 3,5-Dimethyl and 
3,5-phenyl-methyl-4-hydrozypyrazole, m.p. 173® and 188® respectively, 
from dimethyl and phenyl methyl triketone with hydrazine (B. 85 
3313, 3318). * 

i-Pheiiyl-5-ethoxypyrazole is obtained from its carboxylic ester, 
the condensation product of oxal-acetic ester phenylhydrazone by 
means of ZnClg (B. 26 , R. 550). On saponification of the ethoxy- 
group with HCl it passes into AT-phenylpyrazolone, m.p. 118® (B. 27 , 
407). i-Phenyl-3-methyl-5-methozypyrazole, b.p. 240®, is formed 
from phenylmethylpyrazolone with diazo-methane (B. 28 , 1626) or 
methyl iodide and sodium methylate, besides the isomeric antipyrine; 
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also from aceto-acetic methyl ester with phenylhydrazine and HCL 
On heating to 250° it is transposed into antipyrine (C. 1898, 1 . 812). Its 
iodo-methylate, also from antipyrine and methyl iodide, dso yields pure 
antipyrine on boiling with caustic soda (A. 293 , 17). 

i-Phenyl-3-methyl-5-ethoxypyrazole,m.p.38°, b.p. 301°, from aceto- 
acetic ethyl ester phenylhydrazone with acetyl chloride and excess of 
HCl, gives on saponification phenylmethylpyrazolone, and with Na 
and alcohol phenylmethylpyrazoline (B. 28 , 627, 635, 706). The two 
last ethers have also been obtained by removal of COg from phenyl- 
methyl-carbomethoxy- and -carbethoxy-pyrazolones, the products 
of the action of chloro-carbonic methyl and ethyl esters upon phenyl- 
methylpyrazolone (J. pr. Ch. [2], 54 , 180; 55 , 149). 

i-Phenyl-5-methyl-3-methoxypyrazole, b.p. 274°, from 1,5-phenyl- 
methyl-3-pyrazolone with methyl iodide and sodium methylate 
(A. 338 , 282). 

4. Pyrazole ketones, or C- Acyl Pyr azoles, are formed, like the thio- 
phen, indole, and pyrrole ketones, on heating the pyrazoles with acid 
chlorides : 

(1) i-Phenyl-4-acetyl-pyrazole, C3(COCH3)H2N2.C(jH5, melting at 
122°. Its oxime melts at 130° and its phenylhydrazone at 143° with 
decomposition. i-Phenylbenzoylpsrrazole, C3(COC6H5)H2N2C3H5, melts 
at 123°; its oxime at 143® and its phenylhydrazone at 139° with decom- 
position. 

(2) Synthetically, from 1,3-diketones with suitable diazo-bodies: 
4-MethyI-5-acetylp3rrazole, b-p-g^ 161'', from its carboxylic acid (see 
below). 4-Methyl- and 4-phenyI-3,5-diacetyIpyrazoles, m.p. 114° and 
134°, from acetylacetone diazo-anhydride (Vol. 1 .) with acetyl- and 
benzoyl-acetone respectively (A. 325 , 183). 

5. Pyrazole Carboxylic Acids are produced: 

(i) By oxidizing alkyl pyrazoles with potassium permanganate. 
When several alkyl groups are present they are gradually changed to 
carboxyl. 

{2) Pyrazole carboxylic esters are formed synthetically by the action 
of hydrazines upon the carboxylic estersof i^-diketones or oxymethylene 
ketones : 

I I 

CfiHfiCO . CHjj . CO . COgR + NH, . NHCeH^ > CeH^N— N = C (CeH5)--CH =. C . CO,K 

Acetophenoneoxalic Ester. i,3-Diphenyl-5-pyrazolecarboxylic Ester. 

The y-diketonic esters also, w’hich result from the interaction of 
bromacetone, bromacetophenone, etc., with sodium acetoacetic ester, 
yield, by action of diazobenzene salts, with the splitting off of the acetyl 
group, phenylhydrazones of /?-diketone carboxylic esters, which con- 
dense to pyrazole carboxylic esters (B. 26 , 1881); 

(3) Pyrazole carboxylic esters are formed by the addition of diazo- 
acetic esters to mono- and dicarboxylic acids of the acetylene series 
(B. 22 , 2165; A. 273 , 222): 

COjR— CH C . COoR CO,R . C CCOjR 

/\ + III > II II 

N=N C.COjR N— NH.CCOJl 

Diazoacetic Acetylene 3,4,5-Pyrazoletricarboxylic Ester. 

Bstor. ^ dicarboxylic Ester. 

VOL. III. 


G 
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(a) Monohalogen substitution products of the acrylic and fumaric 
series and a./S-dihaloid substituted saturated acids — e.g., a,/8-dibromo- 
propionic acid, dibromosuccinic acid, etc. — ^react with diazo-acetic ester, 

(b) With )?-diketones like acetylacetone, diazo-acetic ester reacts 
on heating wdth caustic soda wdtii formation of such bodies as 4-methyl- 
5-aoetylpyTaz(de-3*K»rbozyIic ester, m.p. 198° (B. 88, 1128) : 

CO.R— CH COCH, CO.RO CCH, 

+ I ^ I I 

N=N CHjCOCHa NH.N;CCOCH, 

(c) A similar reaction is shown by the diazo-anhydrides of ^-dike- 
tones (compare furo[a6]diazols), which, on treatment wdth NaHO, split 
up intermediately into carboxylic acids and diazo-aliphatic bodies, 
and when treated with /J-diketones or ^-ketone carboxylic esters into 
diacylp3n’azoles or acylpjnrazolecarboxylic esters (A. 325 , 177) : 

C,HjC(X— COCH, C,H,COC==CCH, 

jCH;C— OK^ ■^CH.CO.R ^ HN .N : CCO,R 

Benzoyl-acetone-diazo-anhydride. 3,4-Benzoyl-methyl-pyrazole-5-carboxylic Acid. 

When the p3n’azole carboxylic acids are heated carbon dioxide is 
evolved and p5n‘azole results. The carboxyl group in the 3-position is 
most easily split off. The next in order is that in the 5-position, while 
the COOH-group in the 4-position is most firmly combined (A. 278 , 
273). There is no N-atom adjacent to it. 

3- (or 5-) Pyrazolecarboxylic Acid, C3H3N2.COOH, melting at 209® 
with decomposition, is obtained from 3-methylpyrazole, as well as 
from 3,5-pyrazolinedicarboxylic acid by the exit of carbon dioxide and 
Hg (A. 273 , 237). 4-Pyrazolecarboxylic Acid, melting at 275°, is 
obtained from p5Tazoletricarboxylic acid. 3,5-P3rtazoledicarbozylic 
add, C3H2N2(C00H)2, melting at 289°, is made from methylpyrazole 
carboxylic acid, dimethylpyrazole (A. 279 , 218; B. 25 , R. 744), as well 
as from diazoacetic ester by means of dibromopropionic ester. 3,4,5- 
Pyrazoletricarboxylic add, C3HN2(COOH)3, melting at 233°, is pre- 
pared by methods i and 3. 

3-Methyl-5-pyrazolecarbozylic acid, C3H2(CH3)N2.COOH, melts 
at 236® (B. 25 , R. 744; A. 279 , 217). 3,5-Dimethyl-4-pyrazolecar- 

boxylic add, C3H(CH3) gNg^OOH, melting with decomposition at 290®, 
is derived from acetyl- or ethidene-acetoacetic ester (A. 279 , 239). 
Two isomeric C-Phenylpyrazoledicarboxylic adds, 03(0^115) HNgCCOgHjg, 
melting at 235® and 243°, have been obtained from diazo-acetic ester 
by means of phenylpropiolic and a-bromocinnamic acid (B. 27 , 3247). 
iV-Phenylpyrazde^boxylio adds, C3H2N2(C3H5)COOH; the 3-acid 
melts at 146®, and the 5-acid melts at 183® (B. 24 , 1888). The 4-acid 
melts at 220®. It is obtained from iV-phenylpyrazoletricarboxylic acid 
(B. 22 , 179). AT-Phexiylmethylpyrazolecarbos^^ adds, C3H(CHj)- 
N2.C3H5(C00H). There are five known isomerides: (i) the 1,5,3-actd, 
melting at 13b®, results from the action of diazobenzene chloride upon 
acetonylacetoacetic ester (method 2), as well as from acetoneoxalic 
ester and phenylhydrazine, together with (2) the i,3»5-acid, melting at 
i;90®, which is also produced by a peculiar rearrangement of phenyl- 
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methyloxpyridazone (A. 268 , 54 ; 295 , 305); (3) the melting 

at 166®, is obtained from hydrox5methyleneacetoacetic ester (A. 278 , 
270; 295 , 311); (4) the 1,4,3-aai, melting at 134®, and (5) the 
1,3,4-acii, melting at 192®, have been prepared by oxidation of 
phenyldimethylpyrazole (B. 25 , R. 943; 26 , R. 245). 1,5-Diphenyl- 
3-pyrazolecarboxylic acid, C3H(CeH5)N2.CgH5(COOH), melting at 185®, 
is prepared from phenacylacetoacetic ester; ph6nylp3rrazoledicar- 
bozylio acids (compare A, 295 , 306). i-Phenylp3rrazole-3,4,5-tricar- 
boxyUc Acid, C3N2.CeH5(COOH)3, melts at 184® (B. 22 , 172). 

PYRAZOLINES. 

Metallic sodium and alcohol reduce the pyrazoles, especially the 
A^-phenylpyrazoles, to dihydrogyrazoles or pyrazolines. The latter are 
also produced by rearrangement of the hydrazones of unsaturated 
aldehydes or ketones, in that the amine residue of the hydrazine adds 
itself to the unsaturated linkage: 

CH,=CH— CH CHj— 

\ II 

C.H^NH —N C.H,N N 

Acrolein PhenylhydraJBone. JV-Phenylpyrazoline. 

While this rearrangement proceeds with many hydrazones at lower 
temperatures, with others it is only completed when they are distilled. 
Frequently it occurs that the corresponding pyrazole is formed instead 
of the p3n:azoline, or is produced along with the latter. 

The ketazine of acetone, bisdimethylazimethylene, is capable of a 
rearrangement similar to the preceding. It is changed quite readily 
by maleic acid into maleinate of trimethylpyrazoline : 

CH,— C=N— N CH,— C=N-~NH 

i " > i I 

CH, CfCH,), CH, C(CH3), 

Bisdimethyl-azimetaylene. 3,5,5-Trimethyl-pyrazoline. 

Similar behaviour is shown by a series of homologous ketazines, and 
by ethylidenealdazine ; isobut}n-aldazine is transposed by cone. HCl 
into ^f^-dimethyl-^AsopropylpyrazoUne (J. pr. Ch. [2], 58 , 910; M. 20 , 
84) ; but compare the transformation of bisdiethylazimethylene into 
dimethyldiethylpyrrole on heating with ZnClg (B. 43 , 493). 

Behaviour, — ^The pyrazolines are feeble bases. They are, for the 
most part, only soluble in concentrated acids. They are less stable 
than the pyrazoles. Oxidizing agents convert them into very unstable 
dye substances, which are probably derived from bispyrazolines (B. 26 , 
100; Knorr's pyrazoline reaction). When reduced they frequently 
yield trimethylenediamine derivatives; this is particularly true of the 
A'-phenylp5n-azolines. 

Pyrazoline, C3HeN2 = — CHg — CH = N — NH, is an oil boiling at 
144®. It is formed from acrolein and hydrazine hydrate (B. 28 , 69; 
29 , 774) • 3»5i5-Trimettiylpyrazoline, C3H3(CH3)3N2, boiling at 66®-69® 
(20 inm.), is obtained from mesityl oxide and hydrazine, as well as from 
bis-dimethylazimethylene (see above) ; its picrate melts at 138® and its 
mal^nate at 127® (B. 27 , 770). s-Phenylpyrazoline, C3H5(C3H6)N2, is 
obtained from the hydrazone of cinnamic aldehyde (B. 27 , 788), as 
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well as from its dicarboxylic acid (B. 26 , 261). iV-Phenylpyrazoline^ 
CgHgNg.CeHs, melting at 52° and boiling at 274"", is converted by 
hr ommemioN-phenyldibrompyrazoline, C3H3Br2N2 . C3H5, melting at 39°. 

i,3,5-Triphenyl-pyrazolme,C3H3(C3H6)3N2, melting at 135°, ischanged 
by bromine to triphenyltrihrompyr azoline, Cg(C6H5)3Br3N2, melting at 1 79°. 

I 

i-Phenyl-344-trimethyl-5-liydroxyp3nrazol^^ CgHsN . N :C(CH3) . C- 

(CH3)2.CH(0H), m.p. 118°, from the corresponding pyrazolone by 
reduction, is converted by sulphuric acid into i-phenyl-3, 4, 5-trimethyl 
pyrazole (B. 36 , 1275). 

Pyrazoline ketones have been obtained by attaching diazo-methane 
to aiS-unsaturated ketones — e.g., 4-phenyl-5-acetylpyrazoline from 
benzylidene acetone (C. 1906, 11 . 1130)? 

Pyrazolinecarboxylic acids arc obtained from diazo-acetic ester or 
diazo-methane by means of olefine mono- and dicarboxylic acids or 
mono-haloid saturated acids. Diazo-methane acts similarly. Identical 
products are obtained with maleic and fumaric acids, citr- and mes- 
aconic acids, crotonic and isocroionic acids (B. 83 , 3590) : 

CHj HC— COOR CH CH.COOR 

/\ + II > II I 

N = N HC— COOR N— NH— CH . COOR 

Diazomcthane. Fumaric Ester. 4,5-Pyrarolinedicarboxylic Ester. 

CH.COjR CH, COjR.C CR, 

/\ + II > II [ 

N = N CH.COOR N—NH— CH.COjR 

Dmoacetic Ester. Acrylic Ester. 3,4-Pyrazoliiiedicarboxylic Ester. 

The p5U'azolinecarboxylic acids show the rather remarkable pecu- 
liarity that when they are heated alone they break down into nitrogen 
and trimethylene carboxylic acids. Hydrazine is split off when they 
are heated with hydrochloric acid. Upon oxidation they become 
pyrazolecarboxylic acids ; and when their silver salts are heated, pyrazoles 
are produced. Upon reduction they yield pyrazoline compounds in 
part (E. Buchner, A. 273 , 214). 

P^azoline-3,5-dicarbozylic acid,C3H4N2(COOH)2, melts with decom- 
position at 242°. Pyrazoline-4,5-dicarboxylic ester (B. 27 , 1890), P3rra- 
zoline-3,4,5-tncarboxylic methyl ester, C3H3N2(C00CH3)3, melting at 
61°, and 3,4,5-tricarbaKypyrazolylacetic tetramethyl ester, C3H2N2- 
(C02CH3)3(CH2.C02CH3), melting at 105°, are obtained from diazo- 
acetic ester by means of fumaric and aconitic esters or from diazo- 
succinic ester with fumaric ester; pyrazolinetricarboxylic ester is also 
formed from diazo-acetic ester, and tricarboxypyrazolylacetic ester 
also from diazo-succinic ester on heating alone. In both cases a 
portion of the dfhzo-ester decomposes with formation of fumaric ester, 
and this then condenses with unchanged diazo-acetic ester or 
diazo-succinic ester (B. 84 , 345; 43 , 1095). 4-Phenyl-3,5-pyrazolme 
dicarboxylic acid ester, C3H3(C3H5)N2(COOR)2, from cinnamic ethyl 
ester and diazo-acetic methyl ester, or from cinnamic methyl ester and 
diazo-acetic ethyl ester, which give isomeric products, m.p. 76° and 
107® respectively; the isomerism disappears on oxidation to the 
P3n:a2ole derivatives (B. 85 , 31). 
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4-Phei]^l-5-acetylpyrazoIine-3,5-4icarboxylic ester, from benzylidene 
aceto-acetic ester and diazo-acetic ester, does not give a trimethylene 
derivative on heating, but an a-pyrone derivative (see B. 86, 782). 

Psrrazolones. — Keto-pyrazolines or pyrazolones are, as already 
stated, desmotropic with the hydroxypyrazoles. According to the 
position of the CO-group, we distinguish 5- and 3-p5n:azolones, among 
which are the oldest known derivatives of pyrazole: 

N.NH.CO or N.NH.C(OH) NH.NH.CH or N.NH.CH 

CH— CHg CH— CH CO CH C(OH).CH 

5-Pyrazolone. 5-Hydroxypyrazole. 3-Pyrazoloue. 3-Hydroxypyrazole. 

The keto-form is generally ascribed to the pyrazolones, though 
they behave in many reactions like hydroxy compounds. From the 
hydroxyl form may be derived the alkoxy- and acyl-oxy-pyrazoles 
formed by alkylation and acylation respectively. 

The p5a’azolones were discovered in 1883, and investigated 
by L. Knorr. Different pyrazolones have been previously dis- 
cussed at the conclusion of the hydrazones of the / 5 -ketonic acids, of 
which they are the inner anhydrides, and to which they sustain 
the same relation as the lactams bear to the corresponding amino- 
acids, hence the designation lactazams was suggested for the 
pyrazolones (I. 406). 

They are produced (i) by the elimination of alcohol from the hydra- 
zones of / 9 -ketonic esters : 

CHj.C— CHa-^COOCaHj -.CH.OH CHsC— CHg-^O 

II > II I 

N NH .C.H3 N NCeHg, 

Acetoacetic Ester Phenylhydrazone. 1,3-Phenylmethyl-pyrazolone. 

A number of these hydrazones, when acted upon with condensing 
agents which eliminate water — e.g., hydrochloric acid, acetyl chloride, 
etc. — yield alkoxy pyr azoles, which subsequently are converted by 
saponification of the alkoxy group into pyrazolones. Some of the 
phenylhydrazones of the /S-ketonic esters, when treated with con- 
centrated sulphuric acid, yield indole derivatives. 

(2) From ai?-acetylene carboxylic esters and hydrazines (B. 27 , 
783; C. 1906, II. 434) 

(3) By the oxidation of the corresponding pyrazolidones. 

Behaviour . — The pyrazolones, like the other pyrazole derivatives, 

are feeble bases (see, however, antipyrine). They also manifest the 
acid properties of the / 3 -ketonic esters, and therefore yield unstable 
salts with bases just as they do with acids. They also have a series 
of reactions in common with the derivatives of jS-ketonic acids. This 
is due to the reactivity of the CHg-^oup standing between the two 
CO-groups; they condense to benzylidene derivatives with benzalde- 
hyde, and with nitrous acid form isonitroso- or wtVroso-compounds, 
while with diazobenzene salts they yield more or less intensely coloured 
azo-compounds, etc. (B. 27 , 782; 28 , 625). 

POCI3 converts the pyrazolones into chlorinated p5nrazoles. Heated 
with phosphorus tribromide under pressure, they immediately form 
pyrazoles (A. 852 , 322). On heating with PgSg in xylene solution the 
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P5nrazolones are converted into thio-pyrazolones, while on heating the 
components tp higher temperatures without solvents, pyrazoles are 
formed direct (see B. 40 , 3701; A. 861 , 251). 

5-Pyrazolone, io.CHj.CH: N.l^H, melting at 164°, is best 
prepared from formylacetic ester (I. 401) and hydrazine, but is also 
produced from its carboxylic acids. It condenses with benzaldehyde, 
nitrous acid, and diazobenzene chloride to 4-Benzal-pyTazolone, 
(CgHjONjJ : CHCgHg, melting at 200°, 4-fsonitrosopyrazolone, (CgHg- 
ONg):NOH, melting with decomposition at 181°, and 4-pyrazolone- 
azooenzene, (CgHgONj): N.NHCgHg, melting at 196° (B. 29 , 249). 

3-Methylpyrazolone, C3{CHj)H30Ng, melting at 215°, is obtained 
by the action of hydrazine upon acetoacetic ester or dehydracetic ester 

(J. pr. Ch. [2], 89 , 132). n-Phenyl-5-pyTaz(done, 60.CH3.CH: N.N.- 
CgHg, melting at 118°, is obtained both from A^-phenyl-3- and 4-pyra- 
zolone carboxyhc acids and from i-phenyl-5-pyrazolidone. AT-Phenyl- 

3-py^olone, CH : CH . CO . NH . NCgHg, melting at 154°, results upon 
o.xidizing i-phenyl-3-pyrazolidone with ferric chloride, and by treating 
iV-phenyl-pyr azoline successively with bromine and caustic potash, 
etc. (B. 28 , 35, 630; 29 , 519; J. pr. Ch. [2], 62 , 138). 

iV-Phenyl-3-methylpyrazolone, 60 . CHj . C(CH3) : N . NCgHj, melting 
at 127“, from acetoacetic ester, the /?-chlorcrotonic esters (B. M, 1654), 
or tetrolic acid by means of phenylhydrazine, is that pyrazole deriva- 
tive which is the best known, and, indeed, has been known for the 
longest time (A. 238 , 147). With benzaldehyde it pelds the benzylidene 

compound, 60 . C( : CHCgH6)C(CH3) : N . li . CgHg, melting at ^7“; the 
condensation products with hydroxybenzalde%des are distinguished 
by strong coloration (B. 83 , 864). With POCI3, phenyl-methyl 
pyrazolone yields iV-phenyl-3-methyl-5-chlorpyrazole, with PgSg in 

xyleneiV-Phenyl-3-iiiethyl-5-thiopyrazolone,CS . CH3C{CH3) : N . kCgHg, 
m.p. 109° (A. 861 , 261). N3O3 produces an ismitroso-derivative, 

6o.C(NOH).C(CH 3): N.kCgHg, m.p. 157°, which, on oxidation, yields 
nitro-, and on reduction 4-amiiio-iV-pbe]vl-3-metliyl-5-pyiazolone ; 
the latter is also obtained by the reduction of iV-phenyl-3-methyl- 
5-hydroxyp5nrazoleazobenzene, obtained from phenylmethylp5n:azolone 
and diazobenzene chloride (Constitution, see A. 878 , 218). 

When the amiho-derivative is oxidized it becomes rubazonic acid, 
CjjgHijNgOg, melting at 181°. It is a red-coloured compound, which in 
its behaviour recalls the prupuric acid (I. 580) of the uric acid group. 
A large excess of the oxidant converts aminop3n:azolone immediately 

into i-pheiiyl-3-methylpyrazoledione, cb.CO.C(CH8): N.NCgHj, 
the isatin of the pyrazole group, which, by reduction, 3nelds the 
corresponding secondary alcohol: 4-bydlozy-i-pheiiyl-3-methyl-pyra- 
z(done (A. 298 , 50}. 
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Ferric chloride oxidizes phenylmethylp5n:azolone, with the union 

of two molecules, to | | I I 

N===-CCH3 ch,c===n 

which resembles indigo blue in constitution and chemical behaviour. 
Less energetic oxidants — e,g,, phenylhydrazine, etc. — ^produce his- 
phenylmethylpyrazolone, which contains two atoms more of hydrogen. 
This can dso be prepared from phenylmethylpyrazolone silver and 
iodine, as well as from the diphenylhydrazone of ^acetosuccinic ester. 
The interaction of diazomethane and phenylmethylpyrazolone 
yields phenylmethylmethoxypyrazole (p. 8o), and along with it, but 
in small quantity, the isomeric antipyrine (compare B. 28, 1626). 

iV-Phenyl-4-methyl-5-pyrazolone, C«HbN . N :CH . CHCCHs) . (io, 
m.p. 148°, from a-formylpropionic ester and phenylhydrazine, and, 
with the isomeric iV’-phenyl-4-methyl-3-pyrazolone, from bromo- 
methacrylic ester, CHBr:^C(CH3).COOR, and phenylhydrazine (B. 88, 

3273). iV-Metliyl.3-phenyl-5-pyrazolone, CH3N . N : C(CeH5) . CH^ . CO, 
m.p. 207°, by methylation of 3-phenyl-5-p5n:azolone, and by con- 
densation of benzoylacetic ester with methylhydrazine, resembles in 
its reactions the technically useful phenylmethylp5nrazolone (A. 362 , 

152)- i, 3 -Diphenyl- 5 -pyrazolone, CeHgN^.N : C(C3H5).CH2.CO, m.p. 
i 37 \ from benzoylacetic ester and phenylhydrazine (A. 368 , 171). 
Similarly to phenylmethylpyrazolone, it has been converted into 

4 «-keto-ii, 3 -diph 6 nyl- 5 -pyrazolone and 4-hydroxy-i,3-diplienyl-5--pyra- 
zolone (B. 86, 1132). 

Antipyrine, i, 2 , 3 -Phenyldimethyl- 5 -pyrazolone, 1 II 

CHjN CCH, 

melting at 114°, is obtained in the form of its hydriodide when phenyl- 
methylpyrazolone is heated to 100®, together with methyl iodide and 
methyl dcohol. It also results by the condensation of symmetrical 
methylphenylhydrazine with acetoacetic ester (A. 238 , 160; B. 20 , 
R. 609) : 

CeHj.NH RO.CO.CH, CeH,N— CO— CH 

cHj.iIh ^ io.cH, cHjir chch,* 


Homologues of antipyrine are formed, similarly to it, from phenyl- 
methylpyrazolone : 2-Beni^l- and 2-Ethyl-i-phenyl-3-methylpyrazo« 
lone, homoantipyrine, melting at 119® and 73° respectively (J. pr. Ch. 
[2], 65 , 153; A. 298 , 3 footnote). 

Antipyrine and its homologues are also produced by the heating of 
the halogen alkylates of 5-alkoxypyrazoles, and from the halogen 
alkylates of 5-chloro-pyrazoles with caustic alkalies; thus, the iodo- 
methylate of 1,5-phenylchloropyrazole pves, with alkali, the lower 
homologue of antipyrine: i>-Phenyl- 2 *methyl- 5 -pyrazolone, m.p. 117®, 
also formed from i-phenyl-5-pyrazolone with methyl iodide (A. 820 , 
28). Isomers of antipyrine are i,2-4inietl]yl-3-ph^l-5-pyraz61on6, 
m.p. 108®, and i-phenyl-2,4-dimethyl-5-pyrazolone, m.p. 125®, formed 
by methylating i-methyl-3-phenyl- and i-phenyl-4-methyl-5-pyrazo- 
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lone respectively (A. 852, 175; B. 88, 3275). i,2,3-Trimethyl-5-pyra- 
zolone (see B. 48, 2106.) 

Antipyrine is a strong monacid base. It is very soluble in water 
and alcohol, and crystallizes from ether in shining leaflets. 

It is highly prized in medicine as an antipyretic. Its salicylate, 
salipyrine, acts similarly to it. This is also true of the homologue 
tolypyrine or 7-tolyldimethylp5Tazolone, etc. 

Transpositions of Antipyrine. — Antipyrine and its homologues give 
with POCI3, antipyrine chloride, C11H12N2CI2, m.p. 137°, which must be 
regarded as i.-phenyU^-chloropyrazole~2-chloromethylate. The Cl-atoms 
are mobile, especially the atom in the 5-position. Alkali regenerates 
antipyrine, alkali hydrosulphide or sodium thio-sulphate yields thio- 
pyrine (see below), while NH3 and amines give imino-pyrines. These 
compounds, like the antipyrines themselves, are all strongly basic, 
which, in contrast with the other p5n:azole and pyrazolone deriva- 
tives, form very stable salts. The salts are therefore generally 
regarded as quaternary ammonium salts, according to the formula: 

C1>N.N(C,H5).C0H C1>n.N(C.H,).CSH C1>n.N(C.H.).CNH, 

CHa It tl CH, I II CHa II II 

CHgC CH CHgC CH CHaC CH 

— i.e., as halogen alkylates of 5-hydroxy-, 5-thiol-, and 5-amino- 
pyrazoles. The relations of these salts to their bases are, therefore 
determined by an addition or splitting off of acids in 2,5-position in 
the pyrazole nucleus, and A. Michaelis, therefore, also contemplates the 
following formulae for the free bases (A. 820, i ; 328, 78 ; 331, 197 ; 389, 
117; B. 36,3271): 


CHa.C = (CHa)N 

I 0<(^NC,H, 
CH-=_C 

Antipyrine, 


CHa.C = (CH8)N 

I S<^NC.H, 

Thiopyrine. 


CHa.C-(CHa)N 

I HN<^\NCeHa. 

CH-=--C 

Iminopyrme. 


From this point of view it is remarkable that the compounds 
obtained from antip5nine chloride with />-toluidine and from toly- 
pyrine chloride with aniline are not identic^ (A. 839, 130 ; compare also 
A. 352, 154). 

All 1,2-dialkylated p5n'azolones behave like antipyrine and its 
homologues (A. %2, 175; 864, 55; B. 48, 2106). 

w^s.—i-Phenyl-2-methyl-tliiolpyrazole,C3H2SN2(CH3)(C3H5), 

m.p. 162®, from i-phenyl-5-chloropyrazol-2-iodomethylate with KSH. 

1- Phenyl-2,3-4imethyl-tluopyra2SO Thiopyrine, (CH3)C3HSN2.(CH3)- 
(C3H5), m.p. 166°, from antip5n:ine chloride with KSH or NagSgOg in 
aqueous solution, acts physiologically like antipyrine. i-Phenyl- 

2- ethyl-thiolpyrazole, m.p. 171'', i-*phe]^l-2,3,4-trimethyl-thiolpyrazole, 
m.p. 129®, etc. By repeated distillation or by heating their halogen 
alkylates, the thiopyrines are converted by the miration of the alkyl 
group from the N to the S-atom into i^studo-thiopyrines or pyrazole alkyl 
sulphides — e.g,, CH3C :N . N(C3H5) . QSCHg) :CH. Thiopyrines and 

thiopyrines are distinguished by their behaviour on oxidation. 
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The former give trioxides, inner salts of sulphonic acids — e.g., 


CH,C:N(CH,).NC.H,.C:CH, the latter dioxides, sulphones, — c.g., 
CH 3 C:N.N(CeH 5 ).C(S 02 CH 3 ) :CH. 

Iminopyrines. — i-Pheuyl-2,3-diiuethyl-iimnopyrazolet Iminopyrine, 
C 3 H 3 N 3 (C 3 H 3 )(CH 3 ) 3 , from antipyrine chloride by heating with aqueous 
NH3 or Am carbonate under pressure; its hydrochloride, on heating, 
splits up into CH3CI and 1,3-phenyl- me thyl-5-amino-pyrazole, which 
unites again with methyl iodide to form iminopyrine hydriodide. 
Anilinopyrine, m,p. 59°, from antipyrine chloride and aniline, is trans- 
formed on heating its iodomethylate into i,3-phenyl-metliyl-5-metliyl- 
anilino-pyrazole. Phenyl-hydrazino-pyrine (see B. 42, 2765). Further 
iminopyrines, see B. 36 , 3279, etc. 

Like acids, alkyl iodides add themselves in the 2,5-position to 
antipyrine, forming methiodides of the* 5-alkoxypyrazoles, but at 
higher temperatures antipyrine and methyl iodide produce i-phenyl- 
2,3, 4-trimethyl-pyrazolone, methylantipyrine, m.p. 82°, and on trans- 
position i-phenyl-3,3,4-trimetliyl-pyrazolone, m.p. 56° (A. 298, i). 

4-Nitroso-antipyrine, (CnHnONg) . NO, from antip5nine with nitrous 
acid, on reduction with Zn and acetic acid, gives 4-amino-antipsnine, 
m.p. 109°, from which dyes are easily obtained in the form of ^azo- 
compounds (A. 293 , 58). By methylation we obtain from amino- 
antipyrine dimethyl-amino-antipyrine (ChH3liON 2)N(CH3)2, m.p. 108"^, 
the so-called pyramidone (C. 1897, I. 1006; 1900, 11 . 613). In the 
organism this is mostly changed into antipyryl urea and into rubaaonic 
acid (B. 35 , 2891). 4-Hydri^-antipyrine, m.p. 182°, is formed by 
methylating 4-hydroxy- i-phenyl-3-methyl-pyrazolone. It has a 
marked phenol character (A. 293 , 49). 

Disintegration Products. — By heating with ale. potash antipyrine is 
broken up with formation of phenylmethylhydrazine (B. 39 , 3265). 
On heating (i) nitroso-antipyrine with phenylhydrazine, we obtain the 
pheny Uhy dr az one of i^o^nitroso-aceto-acetic phenylmethylhydrazide 
(A. 328 , 62). On heating antipyrine (2) with toluol and sodium in a 
current of COgwe obtain)9-metliylammo-crotonicacidanilide(B. 25,769) : 

(1) CH,N . N(CeH,) . CO . C(NO) : CCHj->CH,NH . N(CeH,).CO . C(NOH) . C(N,HC,H6)CH, 

( 2 ) CeHgN . CO . CH : C(CH,) . NCH, ►C^HaNH . CO . CH : C(CH8)NHCH,. 

3-Pyrazolones are formed (i) by the action of PCI3 upon a mixture 
of j3-ketonic acid esters with acetyl or benzoyl phenylhydrazine, inter- 
mediate products being the phenylhydrazides of the jS-ketonic acid 
(A. 838 , 269): 

CHjCO.CHj.CO ^ CHjCiCH.CO 
CeHjNH NH ^ CjHjN NH 

(2) By the action of phenylhydrazine upon / 3 -hydroxyalkyl-acrylic 
ester (C. 1906, IL 434). 

(3) By oxidation of the corresponding 3-pyTazolidones. 

Behaviour. — ^The 3-pyrazolones resemble in their behaviour the 

5-pyrazolones: like these, they possess both acid and basic characters. 
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POClo converts them into 3-chloro-pyrazoles. With diazobenzene salts 
they form azo-dyes (A. 888, 228), with NjOg green 4-nitroso-compoxmds, 
converted by oxidation into strongly acid 4-nitro-p5nrazolones, and by 
reduction into stable unoxidizable 4-amino-pyrazolones. On boiling 
with ferric chloride they give no dyes resembling pyrazole blue. The 
melting-points of the 3-pyrazolones are all higher than those of the 
corresponding S-pyxazolones. 

i-Phenyl-3-pyrazolone, :CH . CO . NH . iJrCeHg, m.p. 155®, is 

formed from i-phenyl-3-pyrazolone-4-carboxylic acid by heating; 
from i-phenyl-3-pyTazolidone by oxidation with ferric chloride; and 
from iV-phenyl-pyrazoline by successive treatment with bromine and 
potassium hydrate (B. 29 , 519; 40 , 1020). 

i,5-Diphenyl-3-pyrazolone, CgHgi : CH CO NH NCgHg, m.p. 252°, 
by methods (i), (2), and (3) ; also by distillation of cinnamic phenyl 
hydrazide (B. 20 , 1107; A. 858 , 159). 

i-Phenyl-5-m6thyl-3-pyrazolone, CHgd) : CH . CO . NH . NC^Hg, m.p. 
167®, by methods (i) and (3) ; on methylation it yields the poisonous 

3- antipyrme(isomeric with antipyrine), 1,2,5-phenyldimethylpyrazolone, 

CH3cTcH.CO.N(CH3)NCeH5, m.p. 119® (B. 26, R. 367; 28, 629). 
This substance braves chemically just like antipyrine. With POCI3 
it forms 3-antipyrine chloride, i^^-phenylmethyU'^-chloropyrazole-metho- 
chloride, from which transformation with ammonia gives 34mmo- 
P3rrme, with potassium sulphohydrate 3-thiopyrine, and with potassium 
hydroselenide 3-selenopyriiie (B. 86, 3290; A. 888, 290). i-Phenyl- 

4- methyl-3-pyrazolone, (^H : C(CH3) . CO . NH . NCgHg, m.p. 210®, is 
formed beside i-phenyl-4-methyl-5-pyrazolone from bromo-meth- 
acrylic acid ester and phenylhydrazine (B. 88, 3273). 

i,3-Plienyl-iiietIiyl-5-pyrazolone-4-alde^^ C3H5N . N : C(CH3) • " 

CH(CH0).^0, m.p. 174®, is formed from the condensation product 
of methylphenylpyrazolone with isatin-a-anil by fission with 
caustic soda (M. 81, 73). 

Pyrazolone Carboxylic Acids. — ^Their esters are obtained from the 
hydrazones of /?-keto- or aldehydo-dicairboxylic esters. The acids 
readily break down into COg and pyrazolones. 

5-Pyrazolone-3-<^boiylio add, io . CHg— C(COOH) «= N— H, 
decomposes at 250®. Its methyl ester melts at 227®. It is formed 
from oxalo-acetic methyl ester, chlorofumaric ester (B. 29, R. 
860), or acetylene dicarboxylic ester with hydrazine (B. 26, 3442; 
26, 1722). Nitrous acid converts it into an isowi/roso-compound, 

ho — C(NOH) .C(COO]^ «N— melting at 201®, which yields the 
hydrazide of hydrazipyrazolone carboxylic acid when treated with 
hydrazine hydrate. The anhydride of this acid, decomposing at 126®, 
represents a synunetrical dicyclic nucleus (I.), which may also be 
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viewed as the dilactazam of dioxosuccinic osazone (B. 26 , 2057). Com- 
pare the production of diphenylmethyldipyrazole ( 11 .) (B. 86, 523) 
and phenyl methyl pyrazo-pyrazolone (III.) (B. 41 , 3849). 

(I) (II) (III) 

N- ^- C.CO.NH CeHj.N C NH CHjN C==CH 

NH .O.cl-=-N N:C(CH,).C.C(CeH5) : N CeHjN.CO.C ;N.NH 


5-Pyrazolone«4-car1>oxylio acid, CH(COOH)— CH = N . NH. 

Its ethyl ester melts at 181°. It is formed, along with malonyl hydra- 
zides, when hydrazine hydrate acts upon the ester of dicarboxygluta- 
conic acid, (C02R)2CH.CH: C(C02R)2> 3 ^^ when hydrazine and the 
ester of ethoxymethylenemalonic acid react (B. 28 , 1053). This acid 
splits off CO2 quite easily and becomes pyrazolone (B. 28 , 988). 

5-Pyrazolo]^l-3-acetic ester, (C2H50C0CH2)C3H30N2, m.p. 190®, 
from acetonedicarboxylic ester with hydrazine (J. pr. Ch. [2], M, 334). 

Isomeric with the 5-pyrazolone carboxylic acids is 4-hydrozy- 
pyrazole-3-carboxylio acid, m.p. 205"^, from diazo-tetrone sulphonic 
acid (I, 544) by heating with NaHO (A. 818 , 6): 


-CO 

CHj.C(OH) : CH.N : NSOjH 


HOCO 


CH;C(OH).C:N.NH 
I ! I 


i-Phenyl-5-pyrazolone-4-carbozylic acid, to — CH(COOH) — CH = 

N — NC3H5, melts at 93° with decomposition. Its ethyl ester melts 
at 1 18®. It is produced when phenylhydrazine acts upon the ester 
of dicarboxyl-glutaconic acid or the ester of ethoxymethylenemalonic 
ester (I. 561). The isomeric i-Pheiiyl-5-pyrazolone-3-carboxylic 
Acid, melting at 181®, is produced in the form of its ester from 
oxalo-acetic ester and phenylhydrazine. Both phenylp5n:azolone 
carboxylic acids yield the same phenylpyrazolone (B. 28 ; 41). 

i-Ph6iiyl-3-pyrazol(me-4^)arbo^ add, CH : C(COOH) . CO . - 

NH.NCeHg, m.p. 216° with dec., is obtained in the form of its ester 
by the action of PCI3 upon a mixture of etho^ty-methylene-malonic ester 
and acetylphenylhydrazine (B. 40 , 1020). i-rheiiyl-4-liydroxypyrazole- 
3-carbozylic add, m.p. 154®, from the phenylhydrazone of y-brom- 
aceto-acetic ester, splits off CO2 and yields i-phenyl-4-hyckox3qpyrazole. 

Pyrazolone Azo-Dyes ^ — The power of combining with diazonium 
salts mentioned in the case of the phenylmethylp5n-azoles is a general 
property of the 5-pyrazolones not substituted in the 4-position. The 
pyrazolone azo-dyes can not only be obtained by direct coupling of 
the pyrazolones with diazonium salts, ' but also by first preparing 
benzeneazo-) 9 -ketonicacid ester from i^-ketonic acid esters and diazonium 
salts (compare benzeneazoacetoacetic ester), and subsequently con- 
verting this into pyrazolone azo-compounds by the action of 
hydrazines (B. 81 , 467). The pyrazolone dyes must be regarded as 
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real azo-derivatives of 5-hydroxy-pyrazoles (A. 878 , 218) . Some of them 
are important dyestuffs (compare C. 1901, I. 486; 1902, IL 918, 
etc. ; dso G. Cohn, Die Pyrazolon Farbstoffe, Stuttgart, 1910). 
Among them is particularly the valuable yellow dye, tartrazine. 

The osazones of the diketosuccinic acid esters readily yield the 
ester of i-phenyl-pyrazole-4,5-dione-3-carbozylio acid phenylhsrdra- 
zone (i). This has a red colour. It melts at 154°. It is the parent 
substance of the valuable yellow dye tartrazine (2), the chief con- 
stituent of which is the trisodium salt of tarixazinic acid or i-/>- 
siilphophenylpyrazole-4,5-4ione-3-carboxylic acid 4-/>-snlphophenyl- 
hydrazone : 


(I) 


N.CeH^ 

N/X 
II CO 


COjHC 



N.NHCeHg 


(2) 


N 

N/\ 


COgNaC- 


C,H4[4]SO,Na 

'CO 

-C : NNHC,H 4 [ 4 ]S 08 Na. 


The latter acid can also be obtained from i,^-sulphophenyl- 
3-pyrazolone carboxylic acid and from the diazide of sulphanilic acid, 
which fully demonstrates its constitution (A. 294 , 219). 


PYRAZOLIDINES. 

The derivatives of tetrahydropyrazole or pyrazoUdine pass easily, as a 
general thing, into pyrazoline compounds ; therefore they possess 
reducing properties. The simplest pyrazolidine is not yet known. 

NH—N .CeHg 

iV-Phenylpyrazolidine, I \ , is an oil. It boils at 160° 

0 JH[ 2 * Clbl 2 • CP{ 2 

(20 mm.). It is formed when sodium phenylhydrazine acts upon 
trimethylene bromide (B. 26, R. 402). The oxygen of the air oxidizes 
it to phenylpyrazoline. Alkali and methyl iodide convert it into 

I - Phenyl - 2 - methylpyrazolidine, CHg— CHg— CH^ . N(CH3)NCeH5, 
boiling at i75°~i8o° (90 mm.). The reduction of the corresponding 
pyxazolidone produces i-phenyl-3-methylpsrrazolidine (B. 26 , 107). 
i>.3»5“Triphenyl-2-methylpyrazolidine, melting at 110°, results in the 
reduction of triphenylpyrazole iodmethylate with sodium and alcohol. 

Pyrazolidinecarhoxylic acids have been obtained by the reduction 
of pjn'azolinecarboxylic acids (B. 26, R. 282). 

Keto-derivatives of the pyrazolidines : 

(i) Pyrazolidones result from the interaction of hydrazines and 
/5-haloid fatty acids or a, /5-olefine carboxylic acids. If phenylhydrazine 
be employed, it is possible for the reaction to pursue a double course, 
according as the secondary or tertiary group of the hydrazine is 
attacked by the carboxyl group of the acid: 


(I) CHj.CH :CH.COOH 


NH 

i-PhenyI- 3 -methyl- 5 -pyratoirdone. 

CHj.CH.CHj.CO 

I I 

CeHjN NH 

x-Pbeiiyl* 5 'mctbyl- 3 >pyrazoiidone. 


( 2 ) CHj.CHBr.CHjCOOH 
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The resulting isomerides axe distinguished by the fact that the 
i-phenyl-5-pyrazolidones have only basic properties, whereas the 
i-phenyl-3-pyrazolidones also possess acid properties. On oxidation 
the pyrazolidones readily become pyrazolones, and when reduCed with 
sodium and alcohol they are converted in part into pyrazolidines (see 
below). 

^azolidone, QJjj.CHj.CO.NH.NH, boiling at I33°-I35°, is 
obtained from acrylic acid and hydrazine. It is a base. When oxi- 
dized it yields pyrazolone (J. pr. Ch. [2]; 51 , 73). i-Phenyl-5-pyra- 

zolidone, CO.CHg.CHg.NH.N.CgHg, melting at 78°, is derived from 
/5-haloid propionic acids by means of sodium formylphenylhydrazine, 
or from acrylic acid with phenylhydrazine in toluene solution (B. 28, 
26). It is only basic, and when oxidized it becomes i-phcnyl-5-pyr- 
azolone, melting at 118°. 

The isomeric i-Phenyl-3-pyrazolidone, CHg . CHg . CO . NH . N . C^Hg, 
melting at Ii9°~i2i'^, and obtained from /5-haloid propionic acid 
with free phenylhydrazine, as well as from unsym. /5-phenylhydrazino- 
propionic ester (B. 24, R. 234), possesses acid properties also, and when 
oxidized becomes i-phenyl-3-pyrazolone, melting at 154°; its N -acetyl 
derivatives melt at 67® (B. 29, 517). 

i-Phenyl-3-met}^l-5-pyrazolidone, melting at 84® and boiling at 
321®, is derived from crotonic acid and phenylhydrazine or from sym- 
metrical /5-phenylhydrazinobutyric acid (B. 27, R. 687). It is a base. 
It readily changes to 1,3-phenylmethylpyrazolone. When methylated 
it yields 1,2,3-phenyldimethylpyrazolidone, hydroantipyrine, melting at 
146°. It cannot be converted by oxidation into antipyrine (B. 26, 103). 

i-Pheiiyl-5-metliyl-3-pyTazolidone, m.p. 128®, from unsym. /5- 
phenyl-5-hydrazino-butyric acid, has also acid properties; oxidation 
produces i, 5 -phenyl-metliyl- 3 -pyrazolone. 1,5, 5,3- and i,3>3>5-Phenyl- 
dimethyl psrrazolidone, m.p. no® and 75®, are produced by chlor^so- 
valerianic acid, and from dimethylacrylic acid with phenyl-hydrazine ; 
the i, 5 , 5 » 3 “ acid is split up by boiling with baryta-water to /5-benzeneazo- 
tsovaleric acid (C. 1897, II. 1100; A. 292 , 284). i,5-Diphenyl-4- 
hydrozy-3-pyrazolidon6, m.p. 173® (see C. 1905, 1 . 173). 

(2) Diketopyrazolidines are the cyclic hydrazides of the malonic 

acids: 3 , 5 -Diketopyrazolidiiie, Malonylhydrazine, CO . CHg . CO . NH . NH, 
is an oil. It is formed from malonic ester and hydrazine (B. 28, R. 159.) 

i^'PheTLjU 3 , 5 ^diketoj^YTBZo]idmeyMalonyl-phenylhydrazine, melting at 
192®, is obtained from the phenylhydrazide of malonic ester acid 
(B. 25 , 1506); from malonic acid ester, phenylhydrazine, and sodium 
ethylate (B. 89, 2282) ; or by the action of PCI 3 upon a mixture of 
malonic acid and acetylphenylhydrazine (B. 40, 3568). It is probably 
a phenyl-hydroxy-pyrazolone. With POGI 3 under gentle heat it yields 
i-phenyl-3-chloropyrazolone, m.p. 144®, and at 130® phenyldichloro- 
pyrazole (B. 81, 3003). i-Phenyl-4,4-dimethyl-3,5-diketopyrazolidine, 
m.p. 176,® from dimethylmalonic acid, acetylphenylhydrazine, and 
PCls (B. 41 , 3865). 
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2. INDAZOLES. 


Just as the benzopyrroles or indoles correspond to the pyrroles, so 
do the benzopyrazoles or indazoles correspond to the pyrazoles. 

There are two isomeric series of N-alkylic indazoles. The one series 
is produced by the action of alkyl iodides upon indazole or its homo- 
logues. The second series, called isindazoles, result synthetically from 
ortho-substituted a-alkylphenylhydrazines, and therefore have the alkyl 
residue attached to the N-atom adjacent to the benzene nucleus; 
consequently, in the isomeric AT-alkyl indazoles the alkyl residue must 
be joined to the second (^-) N-atom. 

These two groups of benzopyrazoles are therefore derivable from 
Formulae I. and 11 . (below) ; the fundamental bodies may be desmotropic. 

A third desmotropic formula (HI.) may be constructed from 
indoleninCy the desmotropic indole formula; from this Formula III. 
the indiazone oximes, and probably the diazoindazoles (see p. 96)^^ 
are derivable: 


I. 


II. 


III. 




Indazole. 


[Isindazole]. 

Indazoles result (i) upon heating the o-hydrazinocinnamic acids 
(E. Fischer, A. 227 , 303) : 


^ yCH=CH.COOH ^ TT 

NH, ^ N +CH,.COOH). 


O'Hydrazinocinnamic Acid, 


Indazole. 


It is singidar that a lactam-like anhydride of the hydrazino- 
cinnamic acid is not formed in this reaction. It would contain a seven- 
membered ring. Indazylacetic acid is produced by the moderated 
oxidation of o-hydrazinocinnamic acid. 

(2) Hydrazinobenzoic acid, heated with POCI3 under pressure, gives 
y-chlorindazole, whichisreduced toindazole byzincandHCl(B. 86, 2315) : 




[c,h.<(“>nh]-m:.h/9^nh-^:.h. 



(3) From the elimination of water from o-hydrazino-acetophenone 
or o-hydrazino-phenylglyoxylic acids: 


C.H 


/CO.COOH 

*\NH.NH, 




/C— COOH 
\N>NH 


(4) TV-Phenylindazoles are formed in the reduction of o-nitrobenzyl- 
anilines (B. 24 , 961; 27 , 2899) : 




-NHC,H, H 




?>> 


(5a) Further, indazoles are formed by the careful decomposition of 
diazobenzene derivatives methylated in the ortho-position (B. 26 , 2349 ; 
A. 806 , 289) : 


o-Toluenediazobydrate. Indazole. 


/CH. 


-C,H, 

o-Diazoaminotohienk 


* ‘\N;N.NHCtH7 
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By this method numerous indazoles substituted in the benzene 
nucleus have been obtained. The diazo-hydrate from o-toluidine, 
boiled in acid solution, gives only o-cresol, in neutral solution some 
indazole and y-tolueneazo-indazole ; substituted benzeneazo-indazoles 
are formed chiefly on the decomposition of o-methyl diazobenzenes in 
strongly alkaline solution, the indazoles formed coupling with unde- 
composed diazo-solution. A complete reaction with formation of 
indazole is only shown by the diazo-bodies from nitrated o-methyl 
anilines, which peld indazoles on simply boihng with mineral acids, or 
by treating with glacial acetic acid (B. 87 * 2556). On diazotizing 
o-amino benzaldoximes, the so-called indiazone oximes are formed, 
which easily isomerize in water or alkali to o-azido-benzaldehydes 
(B. 84 , 1309) : 


XH ; NOH 
C.H / 

^N,OH 

o>Dia£o-benzaldoxime. 


X/NOH 

\ — 
^N/N 

India£onoxime» m,p. i6o°. 


XHO 

o-Amino-benzaldehyde. 


(36) The smoothest reaction is that in which indazoles are formed 
from the nitroso-compounds of acylated o-methylanilines by heating in 
benzene solution (B. 41 , 660) : 


^•<n”no)coca 

Isindazoles are formed: 

(i) From o,a-alkylhydrazinocinnamic acids or o,a-alkylhydrazino- 
acetophenones: 


p ry /CHXHXOOH ^ 


C.H 


/Cl 

*\N 


(2) From o-amino-aldoximes or ketoximes by glacial acetic acid 
and acetic anhydride (B. 26 , 1903; 29 , 1261): 


^ TJ (CH,C0),0 



(3) From the phenylhydrazones of o,/>-dinitrophenyl-glyoxylic 
esters we obtain nitro-a-phenylindazole-y-carboxylic ester (B. 22 , 319) : 


Properties . — Indazoles are mostly crystalline, feebly basic, bodies, 
the B-?-nitro-indazoles also form salts with metals (B. 87 , 2570). They 
are not easily oxidized; j^-phenylindazole is split up to form azobenzene 
carboxylic acid by chromic acid. Hydro-products are formed with 
difficulty. The free imino-group is easily alkylated and acylated ; with 
diazo compounds, indazoles and the Sz-substituted indazoles couple up 
to formbenzene-azo-indazoles; and with benzaldehyde to form benzyli- 
dene bisindazole, CaH5CH(C7H5N2)2. The isindazoles have a general re- 
semblance to'the indazoles. The substituents of the pyxazole ring are 
usually designated by Py-a, /?-, y-, and those of the benzene ring by 
Bz-i-, 2-, 3-, 4-, starting with the nitrogen attached to the benzene ring. 
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Indazcde, C,HgN2, m.p. 146®, b.p. 270®, is formed from its carboxylic 
acid, from o-hydrazinocinnamic acid, from chlorindazole, from benzoyl- 
o-tolyl-nitrosamine, from o-diazotoluene chloride with NaHO, and by 
diazotising o-amino-benzaldehyde (B. 26 , 1754). /?-Hydroxy-indazole, 

{ N — V 

• )>NOH, m.p. 139°, a strong acid, from o-triazo-benzal- 

doxime by boiling with NaHO, is reduced by Zn and HCl toindazole 
(B. 85 , 1891). 

j^-Benzyl-indazole, C7H5N2.CH2.CgH5, m.p. 73°, from y-chloro- 
/?-benzyHndazole by reduction (B. 35 , 2318). With NaN02 indazole 
gives nitrosoindazole, C7H5N2.NO, m.p. 74®. 

Bz-i-Methyl-, -3-MetliyI-, and -i,3-Dim6tliylindazole, m.p. 138®, 
1 1 5®; and 134®, are formed from the xylidines and from mesidine 
by method (5a) and (5^) (A, 805 , 308, 363; B. 41 , 666). y-Methyl 
indazole, C7Hg(CH3)N2, m.p. 113°,' b.p. 281®, from o-hydrazinoaceto- 
phenone, gives with acetyl chloride /^-acetyl-y-methylindazole, 
C7H4(CH3)N2*C0^I^3» 72° (B. 24 , 2380), and with methyl iodide 

^,y-&methyUndazole, C7H5(CH3)N2.CH3, melting at 80°. ^^-Phenyl- 
indazole, C7H5N2.CgH5, melting at 84® and boiling at 345®, is formed 
from nitrobenzyl aniline. Methyl iodide unites with it to an iodo- 
methylate, melting at 188®, and is oxidized by chromic acid to azoben- 
zene-carboxylic acid (B. 24 , 3058; 27 , 48). y-Phenyl-indazole, melting 
at 108® or 116°, is produced by the reduction of o-diazo-benzophenone. 
When sodium sulphite is used for this purpose, there first results an 
oxygen-containing body, C13H10N2O, melting at 126®, which probably 
is a i?-hydroxy-y-phenyl-indazole, that upon further reduction becomes 
phenylindazole (B. 29 , 1265). Of the twelve possible nitromethyl 
indazoles, elevenhavebeen prepared from thenitroxylidines ; also several 
dinitro-methyl-, nitro-dimethyl-, and dinitro-dimethyl indazoles. By 
the reduction of these nitro-indazoles B2:-amino-indazoles have been 
prepared (B. 37 , 2556). 

y-Azo-, Amino-, and Diazo-indazole. — y-Azo-derivatives of the 
indazoles are produced by the action of alkaline diazo-solutions upon 
the indazoles. They therefore result, beside the indazoles, in the 
decomposition of o-methylated diazonium salts with alkali: Indazole- 
y-azobenzene, C7H5N2(N : NCgHg), orange needles, m.p. 191®; indazole- 
y-azo-toluene, m.p. 211®, from o-diazo-toluene; dimeth^l-indazole-y- 
azomesitylene, m.p. 258®, from diazomesidine. Nitro-indazole-y-azo- 
nihro-methylbenzene (see B. 87 , 2579). 

By reduction these azo-compounds are broken up into anilines and 
y-amino-indazoles. y-Amino-indazole, C7H5N2(NH2), m.p. 154°, is also 
formed by diazotizing and then reducing o-amino-benzonitrile, 
transposing the intermediate o-cyano-phenylhydrazine (B. 42 , 3716) 
S-3:-3-metliyl- and -i,3-dim6thyl-y-amino-indazole, m.p. 191® and 151® 
respectively. 

With HNOg the amino-indazoles yield fairly stable diazo-hydrates, 
C7H5N2(N20H), etc., which split off HgO and form peculiar inner 
anhydrides of even greater stability, the so-called indazole triazolenes** 
(i) . Indazole triazolene, diazo-indazole, C7H4N4, yellow needles, m.p. 106® ; 
they easily couple with phenols and naphthols tof ormhydroxy-azo-dyes. 
With the halogen hydrides they yield y-halogen indazoles. By oxidiz- 
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ing the amino-indazoles with bichromate, etc., in acid solution, 

we obtain, with secondary splitting of the ring, benzazimides (2) 
(A. 805 , 289; B. 82 , 1773, 1797' 85 , 892); 




In alkaline solution the amino-indazoles are oxidized to azo-inda- 
zoles by atmospheric oxygen: Azo-indazole, (C7H5N2)N : N{C7H5N2), 
deep red needles, m.p. 229° (B. 89 , 4276). 

7-Chlorindazole, C7H5CIN2, m.p. 148®, from diazo-indazole with HCl, 
or from o-hydrazinobenzoic acid on heating with POCI3 underpressure; 
the Cl-atom is very firmly bound. Nitrosation and acetylation 
produce /^-nitroso- and acetyl-chlorindazole respectively, m.p. 90° and 
67°; methyl iodide and alkali give j^-methyl-chlorindazole, b.p. 269®. 
^.Benzyl-y-chlorindazole, m.p. 47®, from sym. benzylhydrazino-o- 
benzoic lactazam with POCI3 (B. 84 , 795; 86, 2315). 

y-Hydrozy-jS-phenylindazole, m.p. 218°, is 

formed from o-benzeneazo-benzaldehyde-acetal, CgHjN : NCgHgCH- 
(OCHa)^, by saponif}dng with dilute SOgH^ (C. 1907, I. 1575). y-Hy- 

drozy-/ 3 -phenylindazolecarboxylic add, C,H,<^^^^^NC.H*COOH, m.p. 

228®, is obtained in the form of its lactone, m.p. 295®, under the 
action of POCI3 upon o-hydrazobenzoic acid (C. 1906, II. 611); and by 
boihng oo'-azoxybenzajdehyde with glacial acetic acid (B. 42 , 1706). 

y-fodazolecarboxylic acid, C7H5N2‘^C)OH, melting with decom- 
position at 259®, is derived from o-hydrazino-phenyl-glyoxylic acid, 
which is prepared from isatinic acid, thus completing the transition 
from the indole to the indazole group (B. 26 , 217). When the acid is 
heated it breaks down into indazole and carbon dioxide. 

y-Indazylacetic acid, C7H5N2.CH2.COOH, results from the moder- 
ated oxidation of o-hydrazocinnamic acid. It melts at 169®, and 
decomposes into carbon dioxide and y-methylindazole. 

a,y-DimethyUsindazole, melting at 36®, is made 

by the reduction of nitroso-c?-ethylamino-acetophenone. Py-a^cetyl 
isindazole, C7H5N2.COCH3, Py-a-y-Acetylmetiiyl*- and a,y-Ac6tyl 
phenylisindazole, melting at 103® and 185®, are formed by method (2) 
from o-amino-benzaldoxime, -acetophenone-oxime, and-benzophenone- 
oxime. Alkalies again resolve them into these oximes (B. 29 , 1255). 
a-Ethyl-y-isindazylacetic add, C7H4N2(C2H5)(CHa.COO^, melting at 
132®, is obtained from nitroso-o-ethylamino-cinnamic acid. See above 
for a-phenylisindazole and mtro-a,y-pheiiyIi8indazolecarboxy^ add. 
Hydro - isindazole Derivatives, — - Phenyl dihydroindazole , 

CeH4<^^*>lJ.CeH5, melting at 138®, is produced by the reduction of 

phenylindazole with sodium and alcohol. 

^^-Nitro-Kz«phenyldihydroindazole-y-carbozylic add, melting at 
235°! is formed in the reduction of nitrophenylindazolecarboxylic 
acid (A. 264 , 149). 

There are also some products arising from the combination 

VOL. III. H 
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of quinones with diazomethane, probably benzo- and naphtho- 
dihydro-pyrazoles. Benzoquinone and diazo-methane 3deld a very 
stable substance, probably represented by 

a-Naphthoqvunone and naphthazarin give CioH,o» {C«>N and 
CioH4(OH),Oa|^jj^N respectively. The triacetyl derivative of the 

latter body gives on oxidation with HNOj pyrazole- 4 , 5 -dicatboxylic 
acid. Similar products are obtained from diazo-methane with trinitro- 
benzene and picric acid (B. 82 , 2292; 88, 627). 

Indazolone, or Benzo-pyrazolone, is the inner anhydride or lactazam 
of o-hydrazinobenzoic acid, C4H4<^^>NH (A. 218 , 333). 

Nitip«i9-phenylindaz<dione is formed from the ester of nitrophenyl- 
hydrazidobenzoic acid (B. 80 , 1100). We must include here the 
dicyclic pyrazolone derivatives obtained from cycloketone-) 3 -carb- 
oxylic esters with phenylhydrazine — e,g, : 


CH2.CH2.C= 


Similarly, camphor oxalic ester with phenylhydrazine pelds phenyl 
campho-pyrazole carboxylic ester (compare B. 32 , 1987 ; C. 1897, II. 
123 ; A. 817 , 27). 

Bcnzodipjn-azolones are Hezahydro* benzo -dipyrazolone, 

m.p. 257®, from succinylsuccinic acid ester 
and hydrazine and benzo-bis-N-phenyl-pyrazolone, dicarbozylic acid, 

(COOH),Ce^]^^^NCeH5^ , from hydro-quinone tetra-carboxylic ester 
with phenylhydrazine (Ann. Ch. J. 12 , 379). 


3. ISOXAZOLE- OR FURqa]MONAZOLE GROUP. 

Isoxazole is the azole of furan: Furo[2i]monazole, 

corresponding to pyrazole or pyrro[^j:]monazole. The isoxazoles re- 
semble the pyrazoles both in structure and modes of preparation. As 
the latter result from the hydrazones of the )?-diketo-compounds, so 
the isoxazoles are formed (i) from the monoximes of /?-diketones and 
i^-ketone aldehydes or hydroxymethylene ketone by rejection of water 
(Claisen, B. 24 , 3906) : 


CeHj .C—CH,— CO .CeH, 
II 

N— OH 

Benzoylacetophenone Monoxime. 


CeHsC— CHcrC.C.H, 

II 1 

N 6 

a.y-Diphenylisoxiucole. 


(2) Isoxazole and a-alkylisoxazoles are formed from o-acetylene 
aldehydes with hydroxylamine (B. 86, 3665; 44 , 1161; C. 1904, II. 
187): 


CHO NH, CH:N-s, CH=N0H CH = N v 

+ . >. > 0 : . > 0 ; 

C-CH OH CWCH/ C:CC,H, rw r/r m )/ 

Similarly, a-acetylene ketones with hydroxylamine yield o,y' 
disubstituted isoxazoles (C. 1904, I. 43; II. 710). 
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On the formation of isoxazoles from nitropaxaffins by the action 
of alkali, see B. 24 , R. 767. 

Properties , — ^The isoxazoles, like the pyrazoles, are feeble bases, 
while the a,y-disubstituted isoxazoles are very stable towards alkalies, 
the isoxazoles with free y-position are transposed into ^-keto-nitriles 
by alcoholic alkali even cold: 

1 I 1 I 

N:CH.CH:CH,O-^NC.CH,XHO.N:CH.CH:C(C,H0.O-*-N i C.CHjXOC.H,. 

Isoxazole. Cyanacetaldehyde. a-Phenyl-isoxazole. Benzoyl-acetonitrile. 

Isoxazole with bound y-position but free a-position are broken up 
on heating with alcoholic potash into carboxylic acids and nitriles 
(B. 36 , 3672) : 

I I 

N:C(CH,).CH;CH.O > N- CCH, +CH8.COOH. 

On ring splitting by reduction, see B: 24 , 3912. 

Isoxazole, C3H3NO, b.p. 95®, D14 i’o843, a mobile liquid with odour 
resembling pyridine, gives with PtCL and with CdClg crystalline com- 
pounds (B. 86, 3665). a- and y-Methyl-isoxazoles, (CH3)C3H2NO, 
b.p. 122° and 118® respectively, are formed together from hydroxy- 
methylene-acetone and NH2OH; a-methylisoxazole also from tetrol- 
aldehyde or its acetal with hyd^'oxylamine (B. 44 , 1161). 

a,^,y>Trimethyli 80 xazole, m.p. 3*5°, b.p. 248®, from methylacetyl 
acetone oxime, and from nitro-ethane with alkali (J. Ch. Soc., 1891, 
410). a-Phenylisoxazole, m.p. 23®, b.p. 247®, results from phenyl 
propiol aldoxime with cold NaHO, and is transposed by soliium 
ethylate solution into phenacyl cyanide; it is also formed, beside the 
isomeric y - phenylisoxazole, from hydxoxymethylene acetophenone 
with NH2OH (B. 86, 3673). 

a,y-Phenylmethylisozazole, m.p. 68°, b.p.^g 125°, from benzoyl 
acetone or phenylacetylacetylene (C. 1904, I. 43). On heating with 
alcoholic ammonia it gives 3,5-phenylmethylpyrazole. 

/?-Nitro«isoxazole, (NOa)C3H2NO, m.p. 46° to 47°, from nitromalonic 
dialdehyde (Vol. I.) with i mol. hydroxylamine, is split up by water to 
cyano-nitro-acetaldehyde (C. 1903, I. 958). y-Phenyl-^-nitroisoxazole, 
(C3H5)(N02)C3HN0, m.p. 116°, is formed from cinnamic aldehyde with 
nitrous gases. It is split up by ale. potash, forming benzonitrile and 
nitro-acetic ester. Reduced with A 1 amalgam it gives y-phenyl-)?- 
amino-isozazole, b.p.^g 179'’ (A. 828 , 245). 

y-Nitro-a,y- 4 ii 4 ienyl-i?-mtro-isoxazo^^^ m.p, 199°, from benzal 
acetophenone with NgOg, etc. (A. 828 , 224). 

Isoxazole Carboxylic Acids , — ^Their esters are formed from the 
oximes of ketoneoxalic esters: 

(CH8)C0.CH8.C(C00R) : N.OH > (CH,)C : CH.C(COOR) : N.C. 

Acetoneoxalic ester oxime. a*MethyiisoxaxoIe-ycarboxyiic Ester. 

a-MeUiyli80zande-y*carbozylio add, CHj(CjHNO)COOH, m.p. 176°, 
and y-metbylisozaEOla-o-oarbozylio add, m.p. 211°; their esters are 
foimed together from acetoneoxalic ester and NHjOH. The free 
adds cannot be split up into COj and isoxazoles, but decompose com- 
pletely on heating (B. 24 , 3908). 
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a-Methyli 80 zazol 6 -i?-y- 4 icarb^ acid, CH3(CNO)(COOH)2, m.p. 
183° with dec., is obtained in the form of diethyl ester, m.p. 57°, by 
the action of fuming nitric acid upon mono- or diaceto-succinic ester 
(B. 42 , 1869). 

Bis-isoxazoles result from the interaction of oxalyldiketones and 
hydroxylamine: 

NH«OH I 1 

CHj— CO— CH,— CO— CO— CH,— CO— CH, ► O— N « C(CH,)— CH - C— CO— CH,— CO— CH, 

Oxalyl Diacetone. Acetonyl-y-methylisoxazolyl Ketone. 



A— N C(CH,)— CH - (^— <!: »CH— C(CH,) -N— (!). 
Bis-y-methyl Isoxazol. 


Acetonyl-y-methylisoxazolyl ketone appears as an intermediate 
product. It can also be made by the condensation of y-methylisoxa- 
zole-a-carboxylic ester with acetone (B. 24 , 3910). 

Isoxasolones. — ^These are keto-derivatives of the hypothetical 
dihydro-isoxazole or isoxazoline. They correspond to the pyrazolones 
or lactazams, consequently can also be designated as lactazones or 
lactoximes. They result when the oximes of the /?-ketonic esters lose 
alcohol (B. 24 , 140; 30 , 1159 ; A. 296 , 33) : 

1 ^1 

HO.N= C(CH3) .CH,— COOR > O.N= C{CH8)--CH3— CO. 


A series of compounds, obtained from glyoxal, methylglyoxal, 
phenylglyoxal, etc. (also their oximes), by the action of hydroxylamine 
hydrochloride, can also be considered as the oximes of isoxazolone 
derivatives {compare B. 30 , 1287). 

The isoxazolones, similarly to the pyrazolones, can be variously 
formulated: 


CH,— CO V CH— COv CH = C (OH)v 

I. I > 0 . II. (I > 0 . III. 1 > 0 . 

CH==N^ CH=NH^ CH = N^ 


The isoxazolones have a very pronounced acid nature. They 
decompose the alkaline earth carbonates in the cold, and form salts 
not only with metals, but also with ammonia and primary amines. 
The constitution of these salts varies. Ethers result from the action 
of alkyl iodides upon the silver salts. Methylamine is liberated when 
phenyl-isoxazolone-methyl ether is distilled with caustic potash. The 
methyl group is therefore probably linked to nitrogen, and the com- 
pound is derived from Formula II. (A. 296 , 37 )- 

y-MetlurlUK}zazolone> C4H5NO2, melting at 170°, is made from the 
oxime of aceto-acetic ester. Barium salt, (CgH^OgNJ^a + iiHjO. 
The ammonium salt, (C8H,08H2)NH4 ; methyl ester, (C:1H703N2)CHj 
(A. 296 , 46). When the oxime of aceto-acetic ester is condensed in the 
presence of diaizobenzene salts, the phenylhydrazone of y-methyl-P- 
ketoisoxazoline, (C4H8NOJ) : NNHCjHj, melting at 192°, results. The 
condensation of the same oxime in the presence of ketones or alde- 
hydes gives rise to ^sopiopylidene and 
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lOI 


(C4H3NO2): C(CH3)2, melting at 121®, and (C4H3NO2) : CH.C3H5, melt- 
ing at 141° (B. 80 , 1337)* 

^soNitroso-methyl-isoxazolone (compare B. 28, 2093; 30, 1342). 
The simplest isoxazolone is still unknown, but is probably represented 
by a descendant, the so-called meta-fulminuric acid, isonitroso-oxazolone 
oxime, O.N : CH.C( : NOH).C: NOH, which deflagrates at 106°. It 
is formed by voluntary poljnnerization of fulminic acids. On heating 
with water, or more quickly by the action of alkalies, it is transposed 
into cyamsonitroso-acethydroxamic acid, CN.C(: NOH).C( : NOH)- 
OH (B. 42, 1346). Amino-^sonitroso-isozaasolone, m.p. 160° with dec. 
(see A. 867, 83). 

y-Phenylisoxazolone, C 9 H 7 NO 2 , melts at 152°. Silver salt, 
C9H3N02Ag; aniline salt, C9H7NO2.NH2C3H5, melts at in®. Methyl 
ester, C9H3NO2.CH3, melts at 78®. The action of benzoyl chloride 
and alkali produces two benzoyl esters of phenylisoxazolones, insoluble 
in alkalies, melting at 161® and 115® (B. 30, 1614). i?,y-Dimethyl- 
isozazolone, melts at 124®. y,/?-Methylethylisoxazolone melts at 50® 
(A. 296, 56). y,)9-Methyl]tonzylisoxazolone melts at 106® (B. 80, 1161). 


y-Phenyl-^-imino-isoxazoline, O— N = C(CgH5)— CH— C: (NH), melting 
at III®, results from cyanacetophenone, C^Hg.CO.CHg.CN, or benzo- 
acetonitrile and hydroxylamine (B. 27 , 1095; Jr. pr. Ch. [2], 47 , 124). 
y-Phenyl-a-benzoyl-i?-isoxazolone, melting at 175®, is obtained from 
a 5 -diphenylbutane-ai?S-trione-y-ol (p. 381) and hydroxylamine (B. 25 , 
3468; compare B. 80 , 1290): 

CeH^CO-CO-CHCOHj-CO.CeHj + NH,0H-0-N«C(CeH5)-C0-CH.C0.’CeH,. 
a5-dlphenylbutane-a/35-trione-yol. Phenylbenzoyl p-isoxazolone. 

I 

a-Isoxazolone-i?-oarbozylio ester, O.N : CH.CH(C02C2H5)C0, is 
formed from ethoxy - methylenemalonic acid ester, and from 
dicarboxy - glutaconic ester with hydroxylamine. On heating its 
silver saflt with methyl iodide it yields an N-methyl derivative, 

0 . N(CH3) . CH :C{CO^C^}i^)CO (A. 297 , 81; B. 80 , 1480). 


4. INDOXAZENE OR BENZISOXAZOLE GROUP. 

Indoxazenes or benzisoxazoles are formed from the oximes of 
o-halogen- or o-nitro-benzophenones with alkali, and from o-amino- 
benzophenone with HNOg (B. 25 , 1498; 26 , 1657. See method (3) of 
forming isindazoles) : 


/C(CeH5)=NOH /C(CeH; 


The simplest indoxazene, which should arise from bromo- or 
o-nitrobenzaldoxime, appears not to be stable, as it immediately 
rearranges itself into ss^cylnitrile (compare isoxazoles; B. 26 , 1253). 
Anthranil can be regarded as an isomeric benzo-) 5 -y-isoxazole, accord- 
ing to formula (compare also benziso- 
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oxazolone, c,H4<^^>o). Phenylindozaz6ne» C13H9NO2, melting at 

84® and boiling at 33i®~336®, yields a dinitro-derivative with fuming 
nitric acid. When it is reduced with sodium and alcohol it decomposes 

into a-o-hydroxyphenylbenzylamine, while HI 


and phosphorus change it to o-benzoylphenol (B. 28 t R. 604; 29 , R. 350). 
Consult B. 27 , 1452 ; 28, 1872, R. 290, for other indoxazene derivatives. 

Compare C. 1897, II. 123, for campho-isoxazole, CgHiiO 


Anthroisoxazole. ^ ^andAnthradiisoxazolo, ^*^*^**^ ^ 

^ , CO— • N:C CeH,.0 

(see B. 43 , 3251). 

The following groups of [tiymonazoles of pyrrole, thiophen, and 
furan, the glyoxdines, thiazoles, and oxazoles, can also be regarded as 
cyclic amidines, imido-ethers, and thio-imido-ethers of carboxyhc acids, 
as shown by their formations. By reduction these compounds cannot 
in general be converted into hydrated bases. They are usually split 
up or remain unchanged (see 29 , 2381). 


CH = CH 

5 . GLYOXALINES OR PYRR0-[b3-M0NAZ0LES : . '>NH. 

N rrCH-^ 

Glyoxaline is isomeric with pyrazole; like the latter, it may be 
viewed as a nitrogen substitution product of p5n:role, and hence be 

CH=CHn. 

designated ^spyrro-lbl-monazole, \ ^NH. Again, the glyoxalines 


n=ch/ 
amidines, just 


as is done with ring- 


may be considered cyclic 
homologous pyrimidines. 

History, — Debus (1856) discovered glyoxaline as a reaction product 
of ammonia and glyoxal. Radziszewski (1882) explained this reaction 
and applied it to other diketones. Those peculiar bases — the oxalines 
— prepared by Wallach (1876) from the dialkyl-oximide chlorides, were 
found later to be glyoxdines. Japp (1882), cognizant of the relations 
existing between the lophines and glyoxalines, made them the basis for 
the constitution formula of the glyoxalines accepted to-day almost 
universally. Indeed, it has been established by the more recent 
syntheses of Wohl and Markwaldt, and of Bamberger. 

Glyoxalines result (i) from the condensation of glyoxal and other 
o-diketo-compounds with ammonia and aldehydes (B. 15 , 2706) : 

I'.CO R'.C— N V 

I +2NHj+H(X.R"= II >CR". 

I'.CO R'.C— NH^ 


Glyoxaline is formed when ammonia acts upon glyoxal. This is 
dependent upon a partial decomposition of the glyoxal into formic 
aldehyde and formic acid. 

Allied to this reaction is the production of glyoxalines from 1,2- 
diketones and amines of the formula RCHg.NH^. Benzil and benzyl- 
amine yield triphenyl-N-benzyl-glyoxaline, while with ethylamine the 
product is diphenyl- 2 -methyU^-ethyl glyoxaline (B. 28 , R. 302). 
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(2) From carboxylic acid amidines with a-halogen ketones or a-ketone 
alcohols (B. 84 , 637; 29 , R. 673; compare oxazoles and thiazoles): 

CH.Br CH 

The thioureas from aminoacetals and aminoketones 5deld, by inner 
condensation, mercaptans of glyoxalines, which, upon oxidation, part 
with H2SO4 and become glyoxalines (B. 22 , 1353: 26 , 2354; 26 , 2204): 


HC(OR), 
(!h, — 


HN. 


NH,' 


>■ 


SH 


CH — Nv 

-> II >C.SH- 


CH- 


-Nv 


-> II ^CH. 
CH— NH^ 


Triphenylglyoxaline is similarly produced from benzoin and 
benzamidine (B. 29 , R. 673). 

(3) The alkylimide chlorides of oxalic acid, by peculiar reactions, 
change to chloro-substitution products of the glyoxalines and yield the 
latter upon reduction (A. 214 , 278) : 


CCl = NCH, CCl— N 

I > II /CH 

CCl = NCH, CH— N^ 

Dimethyl'oximide Chloride. a-Chlor-JV-methylglyoxaline. 


(4) Hydrobenzamide and similarly constituted aromatic com- 
pounds, when heated, rearrange themselves to dihydroglyoxalines, 
which readily change to glyoxalines: 


C H CH— N CjHj.C — ^NHv 

C H 

CeWjCH -N C,H,.C— NH^ 

Hydrobenzamide. Amarine, 

Triphenyldibydro-glyoxaUne. 


CjHg.C- 


-N 


>C.C,H.. 


C,H,.C— NH' 

Lophine, 

Triphenyl-glyoxaline. 


(5) A very interesting formation, theoretically speaking, of glyoxaline 
carboxylic acid consists in oxidizing benzoglyoxaline or benziminazole 
with potassium permanganate (A. 278 , 339) : 

CH=CH— C— N COOH.C— N . 

I II NcH > II >CH. 

CH = CH— C— NH^ COOH . C— NH'^ 

Benziminazole. Iminazoledicarboxyllc Acid. 


(6) Certain iminazoles have been obtained from the corresponding 
oxazoles on heating them with ammonia (B. 29 , 2098). 

Properties . — ^The glyoxalines are stronger bases than the isomeric 
pyrazoles. Their imine hydrogen can be replaced by metals, especially 
silver, and also by alkyl residues through the agency of alkyl iodides. 
The tertiary bases take up alkyl iocfides yery energetically. The 
AT-alkylglyoxalines are rearranged on heating, the alkyl residue migrat- 
ing to the (fji) C-atom, occupying the position between the two N- 
members. Acyl-groups are only introduced with diflftculty, and are 
easily split off. Benzoyl chloride and sodium hydroxide occasion, 
rather strangely, even at 0°, decomposition into carboxylic acids and 
dibenzoyldiamines : 

CH CH— NH .CO .C,H, 

tl >CH +2CeH.,COCl +2NaOH= || +2NaCl+H.CO,H 

CH— NH*^ CH— NH.CO.C^H, 

Glyoxaline. Dib^izoyidiaminoethylene. 
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The glyoxalines are very stable toward reducing agents, and are but 
slightly altered by oxidants. Hydrogen peroxide produces examines. 

The position of the substituents in glyoxalin is indicated in the 
( 3 ) 

following manner: II \cH(2,/i), The /^'-alkyl deriva- 

(5) HC 

(I,N) 

tives are also itrmedi glyoxal ethyline, glyoxal propyline, etc., according 
to the aldehyde used in the s3mthesis, as they are chiefly made by the 
action of ammonia and aldehydes upon glyoxal. 

Olyoxaline, Iminazole» C3H4N2, melting at 90° and boiling at 
263°, is formed, together with glycosine (probably bisglyoxaline, 
CH— NHy /NH— CH 

II II ; compare B. 20 , R. 43 i)» from glyoxal and 

ammonia, better with addition of formic aldehyde (A. 277 , 336) ; also 
from glyoxaline-2-mercaptan, as well as from its carboxylic acid. It is 
soluble in alcohol, ether, and water. Its solutions, containing alkali, 
phosphoresce on exposure to the air (compare lophine). It forms salts 
with all acids excepting carbonic acid. Silver nitrate precipitates silver 
glyoxaline, CgHgNgAg, and methyl iodide forms AT-Methylglyoxaline, 
C3H3N2CH3, melting at - 6° and boiling at 199®, with sp. gr. 1*0363. This 
can also be obtained from dimethyloximide chloride according to method 
of formation 3 (above). iV-Phenylglyoxaline, C3H3N2X3H5, melting at 
13° and boiling at 276®, is formed by method 2 from its mercaptan. 

4- (or 5-) Methylglyoxaline, C3H3(CH3)N2, m.p. 56®, b.p. 263®, from 
its mercaptan (B. 26 , 2204) ; physiological importance attaches to the 
formation of 4-methylglyoxalines by the action of zinc hydrate and 
ammonia upon grape-sugar and other hexoses and pentoses (B. 88, 
1166; 40 , 799). The methylation of methylglyoxalines with dimethyl 
sulphate and alkali gives rise simultaneously to 1,4- and 1,5-dimethyl- 
glyozaline, b.p. 199® and 224®: 

CHjC— N. CH3C— CH3C.N(CH,). 

H H >CH > II >CH and || >CH. 

HC— HC,N(CH,)^ HC— N— ^ 

The methylglyoxaline therefore behaves during methylation like a 
mixture of 4- and 5-methylglyoxaline (C. 1910, II. 1480). 2,4,5-Tri- 

methyl-glyozaline, C3(CH3)3N2H, m.p. 183®, b.p. 271®, from diacetyl, 
NH3 and aldehyde. 4-Phenyl-glyozaline, m.p. 129®, from phenyl- 
glyoxal, NHg and formaldehyde. With NH3 alone, phenyl-glyoxal 
gives, among other compounds, 2,4-phenyl-benzoyl-glyoxaline, m.p. 
280® (B. 88, 1531)- 4,5-Methyl-phenyl-glyoxaline, m.p. 185®, has been 
prepared fronx methyl-phenyl-imidazolyl-mercaptan by oxidation with 
NO3H, and the same methyl-phenyl-glyoxaline is formed whether one 
starts with a-amino-propiophenone (i) or by the isomeric a-phenyl- 
a-amino-acetone (2) : 


(0 


C3H3.CO CjHjC— K CHj.CO 

I > II H>CH< I (2). 

CHj.CH.NH, CH,C— CeHj.CH.NH, 


This proves the equivalence of the 4- and 5-position in glyoxaline 
(B. 41 , 1926) ; compare also /^mett^l-toliminazd 3-methyl-pyrazoIe, 
and VoL I. under virtual tautomerism. 
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24-Diph6nylglyozaline» m.p. 193°, from benzamidine and phenacyl- 
bromide. 4,5-Diphenyl-glyozaline, m.p. 227°, from benzil, form- 
aldehyde and NH3, besides benzilam, benzilimide, and imabenzil 
(B. 85 , 4136; 88, 1536). 

2.5- Diphenylglyoxaline, C3H(C8H5)2N2H, melting at 162®, is pro- 
duced on heating 2,5-diphenyloxazole to 300° with alcoholic ammonia; 
also by the condensation of phenyl-a-aminoacetonitrile and benzalde- 
hyde by means of hydrochloric acid (compare method of forming 
oxazoles; B. 29 , 2103): 

CeHjCH—NH, CeH^C— NH. 

I +HOC— > II >C.CcH5. 

CN CH— 

2.4.5- Triphenylglyoxaline, Lophine, melting at 275°, is produced: 

(1) From benzil, benzaldehyde, and ammonia. 

(2) When hydrobenzamide is distilled' or amarine oxidized. 

(3) By the reduction of triphenylcyanidine or triphenyl tricyanogen ; 
ammonia is eliminated. 

(4) From benzamidin and benzoin (B. 29 , R. 673). 

Lophin (from Ao</)os, tuft of feathers, alluding to its tufted crystal- 
line form) exhibits in marked degree the property of phosphorescing 
when shaken with alcoholic potash ; it is then decomposed into ammonia 
and benzoic acid. Like the glyoxalines, it does not form an acetate. 

The halogen derivatives of the glyoxalines result from substitution ; 
also by the splitting off of hydrogen chloride from the dialkyloximide 
chlorides. Tribromo-glyoxaline, CgBrgNgH, melting at 214®, is formed 
from glyoxaline and bromine. Chloro-iV-methylglyozaline, C3H2CIN2 . - 
CH3, boiling at 205®, and Chloro-i,2-dimethylglyoxaluie, C3HCI- 
(CH3)N2.CH3, boiling at 218°, are obtained from dimethyl- and 
diethyloximide chloride. 

Nitro-derivatives of the glyoxalines are obtained by the action of 
nitro-sulphuric acid or fuming nitric acid upon glyoxaline. The nitro- 
group probably takes up the 4- or 5-position. The nitro-glyoxaline, 
with a free imino-group, dissolves in alkalies with a yellow colour. 
Nitro-4-methyl-gbiroxalme, C3H2(N02)N2.CH3, m.p. 248®; Nitro-2,4- 
dimethyl-glyoxaline, m.p. 252'’; Nitra-i,4-dimet^l-giyoxaline, m.p. 
161° (B. 42 , 761). 

Sulph-hydro-derivatives are formed from acetalyl- or acetonyl- 
thioureas and similar substances by condensation; 2-Iminazolyl- 
mercaptan, C3H3(SH)N2, m.p. 222° with dec., gives with methyl-iodide 
iminazolyl-'2-methyl-smpliide, C3H3(SCH3)N2, m.p. 139° (B. 25 , 2359). 
4>5-Diphenyl-glyoxaline-2-meroaptan, C3(CeH5)2HN2(SH), is formed 
from benzoin with thiourea (A. 284 , 8; B. 81 , 1220). 4- (or 5-) Amino- 
methyl-glyoxaline-2-mercaptan, C3(CH2NH2)H2Na(SH), m.p. 188°, from 
diamino-acetone chloride and potassium thiocyanate. On treating 
with dilute nitric acid it yields 4- (or 5-) Hsrdroxy-methyl-glyoxaline, 
C3(CH20H)H3N2, m.p. 94" (C. 1911, II. 30). 

4 > 5 -Qlyoxalmedicarl)oxylio-aoid, €3112(00011)2X2, from dioxy- 
tartaric acid, NH3, and formaldehyde (A. Ch. ph. [6], 24 , 525), and by 
oxidation of benzo-glyoxaline (A. 278 , 339) separates on heating into 
CO2 and glyoxaline. 
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l-Histidine, p-^-Iminazolyl-a-aminopropionic acid, 

CH /NH— c.CH,.CH(NH,)CO,H /q xqo^, II. 1289), flaky crystals, m.p. 

XN CH 

253° with dec., [a^^Q - 3974®, was first found in 1896 by A. Kossel 
among the disintegration products of the protamine sturin (B. 29 , R. 
360), and also occurs in the hydrolysis of many proteins. By the action 
of nitrous acid histidine passes into the corresponding hydroxy acid, 
C3H3 Njj.CH 2.CH(0H)C02H + H20, m.p. 204° with dec., which can be 
broken up into glyoxaline-5-acetic acid, CgHgNg.CHgCOjH + HaO, 
m.p. 220° with dec. Glyoxidine-5-carboxyUc acid, CgHgNjCOgH, 
m.p. 286° with dec.; and finally glyoxaline itself (C. 1907, II. 1084). 
On the other hand, it can be reduced by means of HI and phosphorus 
to glyoxalin^5-propionic acid, CgHgNg.CHg.CHgCOgH, m.p. 209®. 
The latter acid can also be built up synthetically by the condensation 
of glyoxyl-propionic acid, CHO.CO.CHg.CHg.COgH (Vol. I.), with 
ammonia and formaldehyde by method i (C. 1905, II. 830). Its azide 
can be converted by the method of Curtius into the 5-aminoethylgly- 
oxaline, CgHgNg.CHgCHgNHg, the picrate of which melts at 234® with 
dec. (B. 40 , 3691), It can also be obtained from histidine by heating 
alone, or better with concentrated HCl to 270® (C. 1911, 1 . 1366), or. 
by bacterial disintegration (C. 1910, II. 35). For other sources, see 
C. 1911, I. 493; and 1911, II. 30. 

Synthesis histidine {C. 1911, II. 760). 4- (5-) Chloromethylgly- 
oxaline (i) from 4- (5-) hy^ox3miethyl-gly oxaline and PCI5, yields with 
sodium-chloro-malonic ester 4- (5-) glyoxaline-chloro-malonic ester (2), 
which on saponification gives 4- (5-) glyoxaline-chloro-propionic acid (3). 
This is converted by NH3 to [rf -f /]-histidine (4), which can be split up 
into the active components by means of tartaric acid: 


(0 

CH— 

c— n: 

CHjCl 


•Nv 

H>™-i 


( 2 ) 

CH— Nv 
> C~-NH/ 
CHjCCl{CO,R), 


cA— Nv 
- C--NH^^^ 
CH,.CHCl.CO,H 


( 4 ) 

^ c— NHX 

CHj.CH(NH,).CO,H 


Hydroglyoxalines. — ^The glyoxalines cannot be reduced to hydro- 
derivatives. Dihydroglyoxalines, or glyoxalidines, result (i) from the 
acidyl-compounds of ethylenediamine: 


CH,— NH . CO . C,H, 
I 

CH,— NH . CO . C,H, 


CH,— N V 

>1 >C.C,H,(+C,H,C 00 H). 

CH,— NH/ 


(2) They are very probably the compounds formed from allyl- 
acetamide and allylbenzamide by means of the hydrochlorides of 
aromatic bases (B. 28 , 1665) : 


C.H.C^O 


/NH— CH, 

CH;CH, 

Allylbenzamide. 


+ NH,C,H,~ 


,/N- 


-CH, 


->C,H,C< I 

\N(C,H,)-CH.CH, 
4>Methyl>x , 2*diphenylglyoxa]idine. 


2-Methylglyoxalidine,IysWt«c,C4H8N,=5^’ ^\c.ch„ melting at 

CH, — NH' 

105° and boiling at I95®-I98®, is formed on heating ethylene- 
diamine hydrochloride with sodium apetate. It forms a very easily 
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soluble uric acid salt, and therefore has been recommended as a relief 
from gout (B, 27 , 2952). The homologous glyoxalidines — e.g,, 2-etliyl-, 
2-propylidyozalidine, etc. (B. 28 , 1173, 1176)— behave similarly. 
Benzoyl chloride and alkali break down methylglyoxalidine into acetdi- 
benzoylethylenediamine (B. 28 , 3068). 

2-Phenyl8lyoxalidme, Ethylenebenzamidine, C8H5(CgH5)N2, melting 
at loi®, is also obtained from ethylenediamine and thiobenzamide 
(B. 25 , 2135). 

2,4,5-Triphenyl-dihydro-gly6xaline, Amarine, CgiHigNg, m.p. 133° 
(anhydrous), is formed by the transposition of hydrobenzamide. With 
halogen alkyls it forms dialkyl amaronium chlorides which are split 
up by alkalies into diphenylethylenediamine derivatives, from the 
hydrochlorides of which the amaronium bases are regenerated: 

C,H,CH— N-»v C,H,CH— N(C7H7a)V , C,H,CH— NHC7H7 

• ^CC,H,— ► , _ — IT > 

C,HfiCH— NH/ C,H,CH— N(C7H7)-^ ^C,H,CH— N(C 7 H 7 )C 0 C,H, 

The action of benzoyl chloride upon amarine is similar. On heating 
amarine with Na ethylate to 150® to 160®, or amarine hydrochloride to 
340°, an isomeric tso-amarine is produced, m.p. 198®, also obtained 
synthetically from racemic dibenzoyldiphenylethylenediamine. Its 
relation to amarine is that of racemic acid to meso-tartaric acid. It 
has been split up into optically active components (C. 1900, I. 201, 
1224). On oxidation amarine produces lophine. An analogous com- 
position is shown by furfurin or trifuryl dihydro-glyoxaline. 

Bisglyozalidine, (03115X2)2, melting at 290^-300®, is a condensation 
product of rubeanic acid and ethylenediamine (B. 24 , 1846) : 

1 1 j \ 

NHj.CS— CS.NH,+2NH^.CH,.CH,.NH, ►NH— CH,— CH,--N=C— C-N— CH,— CH,— NH. 

Rubeanic Acia. Bisglyoxalidin. 


Tetrahydroglyoxalines have been obtained from ethylene aniline 
and aldehydes (B. 20 , 732) : 


CH,— *NH .C,Hi| 
r +CHO.CeH 5 = t >CH(CeH,). 

.C,H5 CH,— 

Triphenyl tetrahyaroglyoxaline, m.p. 


CH.— N(C.H.)^ 

TriphenyltetraiiyJroglyoxaline, m.p. 


We must include with the keto-, thio~, and iwino-substitution 
products of hydroglyoxalines a series of cyclic urea-, thiourea-, and 
guanidine -derivatives, which for the most part have been already 
described with the fatty compounds. 

I. Ketoglyoxalidines, iminazolones, or ureins, result from the inner 

condensation of a-ureido-keto-compounds, Iminazolone, 


CH— NH 

II 

CH— NH 


^o. 


melting at 105®, is obtained from acetalyl urea (p. 103). Different 
ureins have been obtained from benzoin and benzil by means of various 
ureas (compare B. 26 , 2357; 27 , 1083, 1144, 2203; Gaz. chim. Ital. 19 , 
573; A. 368 , 156). 4 , 5 -Diphei]yl- 2 -iminazolone, m.p. 324° (see A. 380 , 
249)- 4 -IiuiiuuEoiones, like 2 >methyl- 4 -iminazolone, m.p. 141°, are 
formed by the condensation of imido-ethers with a-amino-aliphatic 
esters (J. pr. Ch. [2], 76 , 93; 82 , 50) : 


CH, 




NH ROCO 
OR '*’h,N.CH, 


->CH,C\j^H_ch, 
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Glyoxaline Red, from acetylenedicarboxylic ester with 2 mol. 
benzamidine (see C. 1900, II. 92). 

2. Keto- and Thiotetrahydroglyoxalines are the cyclic alkylene ureas 
and thioureas — e.g,, ethylene urea and -thiourea (I. 441, 452). 

3. Diketo- and iminoketotetrahydroglyoxalines are found in the 
hydantoins djiAglycocyanidins — e.g., hydantoin, creatinine, etc. (Vol. I.). 

To these also belongs the so-called vinyUdene oxanilides, 

■"P- ^ 

4. Triketo- and iminodiketotetrah^droglyoxalines : oxalyl urea or 
pardbanic acid (I. 575) and oxalyl guanidine (B. 26 , 2552). 


6. BENZOGLYOXALINES OR BENZIMINAZOLES. 


The benziminazoles, sometimes called cyclic amidines, anhydro- 
bases, and aldehydins, contain the glyoxaline or iminazole ring in union 
CH=CH— C— N 

with a benzene ring: I II >CH. Their intimate connec- 

tion with glyoxaline becomes very evident from the fact that benzimin- 
azole becomes glyoxaline dicarboxylic acid when it is oxidized (p. 103). 
Formation of the Benziminazoles : 

(i) By the condensation of o-phenylenediamines with carboxylic 
acids, or their anhydrides or chlorides. A loss of water occurs 
(Ladenburg, B. 8, 677; 11 , 826). Acyl compounds are produced as 
intermediate products : 


C,H4<^N^‘+CH,.C00H 

0-Phenylencdiamine. 


^NH.CO.CHa 
sNH, 


Acetyl-o-phenyfenediamine. 


/m-Methylbenziminazole. 


The diacidyl-o-phenylenediamines also yield benziminazoles (B. 23 , 
1876; 25 , 1992). The anhydrides of dibasic acids react like those of 
the monobasic — e.g., succinic anhydride and o-phenylenediamine form 
benziminazole-/x-propionic acid (B. 27 , 2773). The o-naphthylene- 
diamines behave like the o-phenylenediamines. 

(2) Benziminazoles are also produced by the reduction of acylated 
o-nitranilines, when acylated o-phenylenediamines are also formed as 
intermediate products (Hobrecker, B. 5 , 920) : 


P rr /NH.CO.CH, TT /NH.CO.CH, 


CH,. 


(3) N-alkylic benziminazoles result when aldehydes act upon 0- 
diamines {aldehydins of Ladenburg; B. 11, 590). The dialkylidene- 
o-diamine, which probably first appears, rearranges itself at once into 
the A^-alkyliminazole (B, 20 , 1585). The non-alkylated iminazole is 
produced as a by-product from the monoalkylidene body: 


^ „ /N=CH.CH, 

•^*\n=ch.ch/ 

/N^CH.CHa 


-2H 
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Mono-alkylic o-diamines yield benziminazoles (B. 26 , 2826). 

On the action of formaldehyde upon o-phenylene-diamine, see 
B. 82 , 245. 

(4) ft-Phenylbenziminazole is formed from benzylidene o-amino- 
phenylhydrazine on heating with dilute mineral acids (B. 40 , 909) : 








Properties . — ^The benziminazoles behave very much like the glyox- 
alines; however, the basic properties are slightly less than the sadt- 
forming power of the imido-group. Most of the benziminazoles are 
soluble in aqueous alkalies. Alkyl residues are easily introduced into 
the imino group; acid residues, with more difficulty. The iV-alkylated 
iminazoles add alkyl iodide. The iodo-alkylates are transformed into 
iV-dialkyl-benziminazolinols by alkalies, with atomic migration. 
These are split up by boiling with NaHO into o-phenylene dialkyl- 
amines and formic acid, and can be S5nithesized from these components 
by heating: 


, ^ yN(CH,) \ 


)]/ 





C 


/H 

\OH<— 


CeH 


/NHCH 

*\NHCH 


8+HCOOH. 


This fission is facilitated by nitro-groups in the benzene or glyoxaline 
nucleus, but hindered by alkyl substituents (J. pr. Ch. [2], 73 , 419). 
Benzoyl chloride and sodium hydroxide decompose even at 0®, just 
as in the case of the glyoxalines, the iminazole ring with the production 
of dibenzoylated o-ffiamines. They are very stable toward reducing 
and oxidizing agents. Certain derivatives of benziminazole can dye 
cotton without the help of mordants (B. 26 , 2760). In this respect 
they resemble the benzoxazoles and benzothiazoles. 

The number of known benziminazoles is very great (see Kiihling, 
Stickstoffhaltige Ortho-condensationsproducte, pp. 177-210). 

Benziminaasole, o-Phenyleneformamidine, melting 

at 167°, is obtained from formic acid and o-phenylenediamine, as well 
as by the action of chloroform and potash upon <?-phenylenediamine 
(B. 28 , R. 392). Potassium permanganate oxidizes it in part to 
glyoxalinedicarboxylic acid. f^-Metli^l-bemsimidazole, o-phenylene 

< N^-v 

NHX melts at 176®. 

/^Phenyl-benziminazole, phenylenebenzamidine, 

melting at 291®, also results from the rearrangement of o-aminobenzo- 
phenoneoxime (B. 24 , 2386; 29 , R. 358). 

ja-(o-Amino-phenyl)-be n z iminM ole, CjH^ : CNjH.CeH^NHj, m.p. 
211°, gives with formic acid a bis-anhydro compoimd: methenylunino- 

phenyl benmninazole, ■ „ m.p. 227°; nitrous acid pro- 

W 'C/XT. 

duces the corresponding azimide, m.p. 208° (B. 82 , 1456). On /*- (0-, tn-, 
and />-aniino-phenyl) braziminazole and its transformations, see B. 84 ^ 
2953. 
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/A-Methyltoliininazoley o-ToluyleneAcetamidine, 

‘^rndting at 199®, and obtained from 3 :4-toluylenediamine with glacial 
acetic acid or acetaldehyde. 

The two nitro-ethyltoluidines, CH 3 [i]C^H 8 [ 3 ]N 02 [ 4 ]NHC 2 H 5 and 
CH3 [i]C 2H8[4]N02[3]NHC2H2, yield by method (2) two isomeric 
iV-ethyl-i^metbyltolimina201es» m.p. 87® and 93° respectively, which, on 
heating their hydrochlorides, split ofi ethyl-chloride and pass into the 
same ft-methyltoliminazole. With methyl iodide we obtain from 
/tt-methyltoliminazole two isomeric JY,/iudimethyltolimin^ 132° 

and 142®, which are also obtained from the two iV-methyl-o-toluylene- 
diamines with glacial acetic acid, and on further action by methyl 
iodide pass into the same iodo-methylate, m.p. 221® (J. pr. Ch. [2], 
78 , 424). The following scheme illustrates this: 

CHjC.CH : C.N(C,H5)\ CH.C.CH ; C.N(CH,)\ 

CH.CH:C.N ' C,H,C1 CH, . C . CH : CN\ CH.ll CH.CH:C.N===./ * ** 

. H >CH- 

CHaC.CH : C.N===*w I CH.CH;C.N/ CH.C.CH : C.N—v 

>C.CH,— U . >C.CH,. 

CH.CH:C.N(C,H#)X CH.CH : C.N(CH,K 

Like the 4- (or 5-) alkylglyoxalines, the /*-methyltoliminazole 
belongs, therefore, to tlae virtually tautomeric compounds (compare 
B. 34 , 4202). 

Silver nitrate precipitates the silver salt, C7Hg(C2H3N2Ag). Chloride 
of lime replaces the imine hydrogen by chlorine, which readily exchanges 
its place with a benzene hydrogen atom: 


This chlorination may be continued until all of the hydrogen atoms 
of the benzene nucleus have been replaced by chlorine and there is 
finally obtained iV-Chloro-B2:-trichloro-/x-methyl tbliminazole. 

^-Acetyl- fi^-methyltoliminazole, C7H2(C2H3N2 . COCH3), is formed 
when acetyl chloride acts upon the silver salt. The ^-benzoyl deriva- 
tive, melting at 92®, is formed from the base and benzoyl chloride, while 
benzoyl chloride and sodium hydroxide produce dibenzoyltoluylene- 
diamine. /i-Methyltoliminazole condenses with benzaldehyde to cin- 

C7H,<^^j^^C.CH : CH.CgHj, and with phthalic 

anhydride to diphthalone ^compare quinophthalone), which is oxidized by 
potassium permanganate to toliminazole-/j^carboxylic acid, C8H7N2.- 
COOH. 

i, 2 -Naphthiminas 50 le, CioH2(N2H)CH, m.p. 174®, ^ves on oxidation 
with chromic acid BenriminaTOle--^)«dicarboiylic am, (COOH)2C3H2- 
(N2H)CH, m.p. 251® (B. 82, 1312). iV-Methyl-9,io-pheimthrimi^^ 
Epiosin, m.p. 195®, is formed from 9,10-amino- 

phenanthrol by heating with alcoholic methylamine solution. It acts 
physiologically like morphine (C. 1902, I. 1302). On polymeric benz- 
iminazoles, see B. 25 , 2712. 

CH — -N— ~C H 

Benzylene-be n z imin a z ole, ■* ■ •* *, m.p. 210“, results from 

the condensation of o-phthal-aldehyde wdth o-phenylenediamine. 
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Gentle oxidation with KMnO^ converts it into o-Benzoylene-benzimin- 

C O N C H 

c.h..c=n' ‘ needles, m.p. 213“, the lactam of 

/i-phenyl imineaole-o-carboxylic acid, m.p. 266°, also obtained by the 
condensation of o-phenylenediamine with phthalic anhydride or 
o-phthalaldehydic acid, as well as by reduction of o-nitro-phthalanil 
(B. 42, 42^). 

Bisbenaminazoles are made by reducing the o-nitro-oxanilides 
(A. 209, 257) : 

H / ✓ N. 

.H,— C.H,< >C-C< 

\nh/ ^nh/ 

Bisbenziminazole, m.p. above 300®. 

Benzobifriminazoles are formed from the o-diaminobenziminazoles 
and carboxylic acids (B. 22> 1652) : 

y N .NH, > N N . 

CH3.CC >C.H,<r +CH,.C00H—>CH3.C< >CeH3< V.CH3. 

\nh/ ^NH, ^nh/ \nh/ 

o*Diaminobenzo>/ui<methyliminatole. Benzobis*/bi*methyliminazole, m.p. 145°. 

Benziminazole hydrides^ henziminazolines, are not known with cer- 
tainty. The primary products resulting from the interaction of mono- 
alkylic o-diamines and aldehydes are considered as such. They give 
up hydrogen and readily change to benziminazoles (B. 25, 2827). 
The condensation products of acetoacetic ester with o-tolylene^- 
amine (B. 25, 606) behave similarly. Methylene iodide and dibenzene- 
sulphonyl-o-phenylene-diamine yield dibenzenesolphonylmethylene-o- 

phenylene-diamine, c«H4 <N{So!cS;)>C«*' “Siting at 148“. It 

can be considered as a derivative of the simplest benziminazoline. In 
an attempt to split off the bezenesulphonic groups with hydrochloric 
acid it was resinified (B. 28, R. 756). 

These substances can be considered as derivatives of hydrobenzi- 
minazoles, which result in the moderated reduction of acidylated 
o-nitranilines with ammonium sulphide (B. 22, 1396) : 

/NH . COCHa „ .NH. 

Acet-o<nitrotoluide. Oxy-zx-methyltoliminazole. 

These are relatively stable bodies, which 3deld benziminazoles when 
they are distilled with zinc dust. 

Oxibenziminassole, , m.p. 210°, from o-nitroform- 

anilide with AnijS, easily transposes into the isomeric o-phenylene 
urea under the influence of various reagents. i^Methyl-ozibcaizi- 
miiuusole, m.p. 251°. 

Beiahoinuolinols are formed from the alkyl halides of the f^-alkyl 
benziminazoles with aqueous alkalies, and s5mtheticallyfrom o-phenyl- 
ene dialkylamines with carboxylic acids (see p. 109). Their reversion 
to these components was discussed above. With HI they regenerate 


< NH— CO— CO— NH V 
NO, 0,N/ 
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the iodo-alkylates of the iV-alkyl benziminazoles, and by oxidation they 
easily pass into the stable o-phenylene ureas (see below). iV-Dimethyl- 
benziminazoUnol, C,H4(NCH3)2CH(OH), m.p. 74®, is broken up by 
boiling with NaOH into formic acid and o-phenylenedimethylamine; 
the latter with acetic anhydride gives /.t.iV-Trbnethyl-benziniinazolinol, 
C,Hj(NCHj) 2C(OH)CH3, m.p. 164®. m-Nitro-N-dimethyl>benzimin- 
azolmol, m.p. 128°, from the iodomethylate with soda or ammonia, 
is split up by mere treatment with cold NaOH. A compound not 
easily split up is iV-Phenyl-JV-methyl-benziminazolinol, m.p. 168°. 
R 2 -i, 3 -dimethyl-benzo-i\r* 4 imethyl-iiiiinazo^ (CH3)2CgH2(NCH3)3- 
CH(OH), m.p. 135°, is only broken up by heating with ale. NaOH 
under pressure (B. 84 , 936, 4202; 86, 3967; J. pr. Ch. [2], 73 , 

419)- 

The cyclic phenylene ureas, -thioureas, and -guanidines are keto-, 
thio-, and imidobenzimimzoUnes, which result from o-diamines with 
COClj and CSClj or CS2, with urea and thiourea or ammonium sulpho- 
cyanide, with phenyl mustard oil and carbodi-imide: 


,NH 


C,H 4 <“g| +COCI, (or CSCl, 


Carbodiphcnyliniide, 


>CO (or CjHi >CS) 
->CeH4<^][J>C:NC4H5. 

Phenylenephenyl guanidine. 


In many respects these bodies behave like oxy-, sulpho-, hydro-, 
and amino-derivatives of benziminazoles, and permit a choice from the 
two formulas: 


>NH 

I. C,H4< >C0(S.NH). 

^NH 


/N= 

II. C,H/ >C.0H(SH,NH,). 

\nh/ 


o-Phenyleneorea, Benzimimzolone, C8H4(N2H2CO), melting at 
308®, is also obtained from o-aminophenylurethane (B. 12 , 1296; 
28 , 1047). o-Tolnyleneurea, C7Hg(N2H2)CO, melting at 290°, also 
results in the saponification of jj-ethoxytolmimzole, C7Hg(N2H): 
C(0C2H5), melting at 163°. The latter is the reaction product of 
imidocarbonic ester and o-toluylenediamine. 

o-Pbenylene-ihio-aiea, Thiobenziminazoline, CgH4(N2H2)CS, melt- 
ing at 298® with decomposition, is obtained from phenylenediamine 
sulphocyanide (A. 221 , 9; 228 , 244). 

o-Phenylene-phenylgoanidme, i>^AniUnobenziminazoline, CgHg- 
(CNgHgCgHj), melting at 188®, is obtained from carbodiphenylimide 
and o-phenylenediamine. 

The oxazoks and thiazoUs correspond to the iminazoks. The latter 
were regarded as cyclic amidines, and the former may be looked upon 
as cyclic imido-ethers and alkylene thioamides. As a rule, these 
bodies are as little changed by reduction to hydride bases as the 
glyoxalines or iminazoles; they remain unaltered or are decomposed 
(compare B. 29 , 2381). 
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7. OXAZOLES OR FURO-03-MONAZOLES. 

3 (^) a 

-KT ^ 

The oxazoles or furO’-\\>Yinonazoles, | yO, are isomeric with 

CH — CH' 

4 (/3) (a) 5 1 j 

the isoxazoles (furo-[<«]-monazoles, p. 98). Oxazoles are produced 

(i) by the condensation of a-haloid ketones with acid-amides (B. 20, 
2576; 21, 2195): 


CHaBr 


NH. 


CflH.C- 


-N^ 


il Nc.CHe. 
CH— 

4-Phenyl-2-methyloxazole. 


It may be assumed that here the ketone and amide react in the 
hydroxyl form. 

(2) From acylated a-amino-ketones by the action of PCI5 or cone. 
H2VSO4 (B. 43, 1283; C. 1910, I. 658; see furans) : 


CHXO 


\co.CHa 


CH- 


-N< 


CHoCOH HQ 


C.CH, 


— HaO 


CH- 




CHa 


(3) When concentrated sulphuric acid acts upon benzoin and acid 
nitriles (B. 26, R. 496) : 


CcHj.CO 
C.Hg.CH.OH 

Benzoin. 


+ N-C.CH, 


CeH^C N. 

-> II Nc.ch,. 

CeH.CH— CK 

^,5-Diphenyl-2-methyIoxazole. 


(4) When hydrochloric acid gas acts upon mandelo-nitrile (and 
homologues) and benzaldehydes (B. 29, 2097) : 


I +OCH.CeH5- 


6.C O. 

II >C.CeH. 
CH— 

2,5-diphenylox£izoIe. 


Similarly, from benzilic acid and benzonitrile we obtain with cone, 
sulphuric acid triphenyl oxazolone: 


{C,U,)^COH 

COOH 


+ N^HCCeH^ > 


(X 

CO— n/ “ ' 

Triphenyl-ox azolone. 


The oxazoles are feeble bases. They break down into acids and 
amines on evaporation with hydrochloric acid. Oxidants and reducing 
agents frequently rupture the oxazole ring with great ease. The 
parent substance of the group is not known. 

4-Phenyloxazole, C3H2{CgH5)NO, melting at 46° and boiling at 222°, 
is made from formamide and bromacetophenone. 4-Phenyl- and 
4,5-Diphenyl-2-methyloxazole, melting at 45° and boiling at 242°, and 
melting at 44° and boiling at I92°~i95° (15 mm.) (see above). 5- 
Methyl-2-phenyloxazore, from benzamide and chloracetone, is con- 
verted by alcoholic ammonia into phenylmethylglyoxaline. 

2,5-Dimethyloxazole, b.p. 108°, from acetamide and chloracetone, 
or from acetamino-acetone and PCI5, gives on reduction 2,5-dimethyl- 
VOL. III. I 
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ozazolidine, b.p. 159°, and on oxidation 2-m6thyloxa2sole-5-carboxylio 
acid, m.p. 288° (B. 80 , 2254). 5-Methyl-2-phenyloxazole, b.p. 255®, 
and 5-phenyl-2-methyloxazole,in.p. 59®, b.p. 255°, from benzoyl amino- 
acetone and acetaminoacetophenone respectively. 

2,5-Diphenyloxazole, melting at 74° and boiling above 360®, is 
formed from benzamide and phenylbromacetaldehyde by method i, 
and, together with benzalmandelic amide, from the nitrile of mandelic 
acid and benzaldehyde by method 3 (B. 29 , 205). Chromic acid oxi- 
dizes it to phenylglyoxylhenzamide, CgH5CO.CO.NH.CO.C3H5, while 
sodium and alcohol reduce it to the amine, CgHgCHg . NH . CHg . - 
CH(OH)CgH5. Nitric acid apparently produces a nitrodiphenyl- 
oxazole. It is converted into diphenyliminazole when heated with 
ammonia. 

Triphenyloxazole, Benzilam, (CgH5)3C3NO, m.p. 115®, is formed from 
benziles with concentrated ammonia (B. 86, 4137). 

Dihydro-oxazoles, oxazolines result from the condensation of /9-halogen 
alkylamides of carboxylic acids by means of alkalies (B. 22, 2220). 
Benzimido-chlorethyl-ether passes into the chlorohydrate of phenyl 
oxazoline even on gentle heating, and the latter, at 100®, transposes 
further into chlorethyl benzamide (B. 85, 164) : 


HCl 

NNH CHjCl 




O . CHg HCl 


N.CH, 


NaOH 


O CHgCl 
\NH.CH» 


C.H,c/ 


2-PhenylQxazolme, boiling at 243®, is broken down, in the reduction 
with sodium and amyl alcohol, to hydroxyethylbenzylamine, OHCHg . - 
CHg.NHCH^CgHg (B. 29 , 2382). 

2-Methyloxazolme is an oil. Its pier ate melts at 159® (B. 28 , 2502). 

4-Methyl- 2 -phenyloxazoline, boiling at 244®, is obtained from 
/ 9 -brompropylbenzamide, also from allylbenzamide, CgH5.CO.NH.- 
CHg.CH: CHg, with concentrated sulphuric acid (B. 26 , 2840) (com- 
pare glyoxali&nes). 

Eeto-dihydro-oxazoles or oxazolones are represented by the lac- 
tone-like anhydrides of the a-benzoyl-amino-aliphatic acids — e.g., 
,/o--co 
Xn--Chch,* 

Tetr^dro-ozazoles, oxazoUdines. These are the condensation 
products of aldehydes with amino-alcohols (B. 84 , 3484) : 


RCHO + 


HO.CH, 

R'NH.CH, 


> RCH 


O CHg 

NNR'.CH, 


They form distillable liquids, easily split up by hydrolysis into 
their components. iV-Methylozazolidine, b.p. 100®, 2-Methylozazolidine, 
b.p. 141®, 2,3-Dimethylozazolidine, b.p. 109® (compare 2,5-Dimethyl- 
oxazolidine), 2-Pheiiylozazolidine, b.p. 284®. 

Amino-oxazolines or iminotetrahydro-oxazoles are the so-called 
allylene-y-ureas. 


Ethylene-v^-uxea, z-atnino-oxazoUne, 


CHj. 

I 

CH,- 




NHa ; its picrate 


melts at 158°. 

Propylene-v’-urea, 2-amino-^-methyloxazoUne ; its picrate melts at 
186°. These compounds result from the action of potassium cyanate 
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upon i^-bromethyl- and -propylamine. 4,5-Diphenyl-2*aminozazolin6» 
melting at 154 , formed from diphenylhydroxyethylamine and 
potassium cyanate (B. 28 , 1899). 

Derivatives of a keto-tetrahydro-oxazole are formed from carb- 
amino i^-halogenalkyl esters by rejection of HCl (C. 1911), and diketo- 
derivatives from the phenyl urethanes of the a-oxy-acid esters (C. 1898 
11 . 480; 1902, IL 342): 

CeH,NH C1CH,\ CeH^N CH,\ C,H,NH ROCO\^„ C.H^N 

CO o/^“* CO— CO o 


8. BENZOXAZOLES. 


These, like the production of benziminazoles from o-phenylene 
diamines, result upon heating o-aminophenols with carboxylic acids: 


+ C.H,.C0,H = C,H*<('°\CCH,+ 2H,0. 
o-AminophenoV /ut-Methylbenzoxazole. 


The benzoxazoles, also called alkenylaminophenols, are weak bases. 
They are resolved into their components on digesting them with acids. 
Some benzoxazole derivatives are substantive cotton dyes (B. 28 , 
1127). 

Benzoxazole, Methenylaminophenol, melts at 31° and 

boils at 183®. It is volatile with water vapour, and is formed by heating 
o-amino-phenol with formic acid, or heating o-formylamino-phenol 
to i 6 o®-I 70®. It is split up again to formylamino-phenol on merely 
boiling in water. It resembles the isomeric anthranil (B. 36 , 2054). 
Heated with CH3I it forms an iodo-methylate, m.p. 183® with dec., 
which is decomposed by dilute HCl with formation of iV-methyl-o- 
amidophenol. 

/>t.Metliylbenzoxazole, ethenylaminophenol, boils at 201®. /^-Phenyl- 
benzoxazole, melting at 103®, is also formed in the reduction of benzoyl- 
o-nitrophenol (B. 9 , 1526; 29 , R. 358; A. 210 , 384). 

/i-Aminophenyltoluoxazole, CH8.CeH,<^|^c.CeH4NHa, melting at 
188®, is produced in the reduction of ^-nitrobenzoyl-w-nitro-j^-cresol. 
By combination of its diazo-derivative with j?-naphthol, etc., carmine- 
red, acid-stable substantive cotton dyes are produced. 

Oxy- and ^Aio-derivatives of the benzoxazoles are obtained from 
o-aminophenols with COClg or ClCOgR and CSg or CSCI2. Amino- 
derivatives result on heating thio- or oxy-compounds with amines. 
Here, as in the case of analogous benziminazole compounds, two formulas 
may be considered for these bodies: 

C,H4/0^(SH) C.H4/0^C(NH,) 

/U'HydroxybenzoxazoIe. /x-Thiol)enzoxazole. /fAminobezizoxazole. 

Isomeric alkyl compounds are derived from the two forms of /x- 
hydroxybenzoxazole, which may be distinguished as lactim and lactam 
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ethers or 0 - and N-alkyl derivatives. The amlnobenzoxazoles exhibit 
similar conditions. 

/^Hydroxybenzoxazofe, Carbonylaminophenol, C7H5NO2, melting at 
is insoluble in alkalies. Ethyl iodide converts it into an 
iV-ethyl derivative. Benzoyl derivative, m.p. 174® (C. 1898, I. 
1277). 

AT-Ethylbenzozazolone, melts at 29°. ju-Ethoxy- 

benzoxazole, c,h<<^^^coc,h„ is formed from iminocarbonic ester 

and o>aminophenol (B. 19, 2655). A dibromocarbonyl aminophenol, 

m.p. 255®, is formed from salicylic acid amide with KOBr (C. 1900, 
I. 256). fuThiobenzoxazole, C7H5NSO, melting at I93®~i96®, is 
soluble in alkalies and ammonia. It is obtained from aminophenol 
hydrochloride by the action of potassium xanthogenate; also from 
o-hydroxyazobenzene and CSg. 

/i-Anilinobenzoxazole, melting at 137®, is produced 

simultaneously. The latter is also formed on heating thiobenzoxazole 
with aniline. /^Aminobenzoxazole, C7H5N2O, melting at 130®, is 
isomeric with o-phenylene urea (p. 112). It results on splitting off 
hydrogen sulphide from o-hydroxyphenyl thiourea by means of mercuric 

oxide. /x-PhenyUimno-iV^thylbenzoxazolone, 

is formed from iV-ethylbenzoxazolone and aniline (J. pr. Ch. [2], 42, 

450). 


9. THIAZOLES OR THIO-[b]-MONAZOLES. 

Just as the oxazoles are prepared from acid-amides, so the thiazoles 
3 (m) a 




-CH. 


or tkio-lhymonazoles, I yS, are obtained from the thio-amides 

CH = CH^ 

4 iP) (a) 5 

and a-haloid ketone derivatives; 


HC:0 

I + 

HjCCI 

Chloraldebyde. 


HN, 




HS' 

Thiacetamide. 


HC— N. 

> II >C.CH,. 
HC— S/ 

/u--Methyl Thiazol. 


Further, thiazole and its homologues result from the action of 
nitrous acid and alcohol upon fi-aminothiazoles, just as the benzene 
hydrocarbons are obtained from the anilines. 

Behaviour , — ^Thiazole may be derived from pyridine, just as thiophen 
is derived from benzene — i.e., by imagining a CH: CH-group replaced 
by sulphur. Accordingly, the thiazoles show a like agreement or 
similarity in their physical and in part in their chemical properties 
with the pyridines, just as the thiophens do with the benzenes. 

The thiazoles are tertiary bases, forming addition-products with 
alkyl iodides. As a rule, they are stable toward oxidizing agents; 
chloric acid, however, destroys them. 

Thiazole, C3H3NS, boiling at 117 ®, has an odour like that of pyridine. 
It results when N^Og and alcohol act upon /i^-aminothiazole. C3H;.- 
NS.HCl.AuClg melts with decomposition at 248®~25o®. C3H3NS.- 
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HgClg melts at 202°-“204°. 5-Methylthiazole» C3H2(CH3)NS, boiling 
at 232°, is obtained from its amino-compound and by distilling methyl 
oxythiazole with zinc-dust (A. 250 , 279). The isomeric 2-metbyl 
thiazole, boiling at 128®, with an odour like picoline, is prepared from 
monochloracetone and thiacetamide. 2,3-Dimetliylthiazole, boiling 
at 143°, from chloracetone and thiacetamide, when reduced by sodium 
and alcohol is resolved into ethylpropylamine and hydrogen sulphide. 
It condenses, like the a-methylated pyridines, with formic aldehyde to 
an alkine, C3HNS{CH3)(CH2.CH20H) (B. 27 , 1009). 

Trimethylthiazole, C3(CH3)3NS, melts at 167°. 5-Phenylthiazole 
melts at 52® and boils at 273°. Triphenylthiazole, melting at 87°, is 
formed from thiobenzamide and bromdesoxybenzoin or desylbromide. 

Halogeno-thiazoles are prepared by acting with concentrated haloid 
acids upon diazothiazoles: 

2-Clilorothiazole boils at 145° and 2-biomothiazole boils at 171°. 

2 ~Aminothiazoles result from the action of a-haloid keto-compounds 
upon thioureas: 


CHa.CO 

Haici ^ 

a-Chloracetoae. 


NH\ 

HS^ 


C— NH,- 


Thiourea. 


CHg.C— N. 

.> II >C.NHa. 
HC— 

4-Methyl-2*amidothiazol. 


Substances are formed from the symmetrical dialkylic thioureas 
which are derived from iminothiazoline. Consult A. 265 , no, for iso- 
meric monalkylaminothiazoles. 

The aminothiazoles are similar to the anilines. They can be con- 
verted into diazo-compounds, and through these into haloid thiazoles, 
thiazoles, thiazole-azo-dyes, etc. 

2-Amino-thiazole, C3H2(NH2)NS, melting at 90®, may be prepared 
from dichlor-ether and thiourea. Its nitrate is converted by 
diazothiazole hydrate, C3H2(.N: NOH)NS, which yields yellow to 
brown-coloured azo-dyes with resorcinol, naphthol, etc. (A. 246 , 
40). Methyl-2-amino-thiazole, C3H(CH3)(NH2)NS, melting at 42° and 
boiling at 136° (30 to 40 mm.), is formed from chloracetone and thiourea 
or ammonium sulphocyanide (B. 20 , 3127). Phenyl-2-aminothiazole, 
C3H(C3H5)(NH2)NS, from w-chloracetophenone, yields phenyldiazo- 
thiazole hydrate (A. 261 , 14). 3,4-Dimethyl-2-methylimidothiazolme, 

Hc— a. 

II >C : NCH,, melting at 96®, is obtained from chloracetone 
CH,C— N< CHj 

and symmetrical dimethylthiourea. 

Hydrpxythiazoles are obtained from a-sulphocyano-ketones by the 
action of alkali : 


HaC.SCN 

Sulphocyano<acetopbenone. 


C,H..CO H,K 
-> I Ncq- 

Q/ 




Carbamothiolacetopbenone. 


CeH,C~N. 

-> II >C(OH). 
HC— 

4-Pbenyl-2-hydroxythia*ol. 


4-Methyl-2-h]rdiozythiazole, C8H{CH3)(OH)NS, melting at i 6 o°, 
results from the exit of carbon dioxide from its carboxylic acid, and 
also when alkalies act upon sulphocyanacetone (A. 259 , 297; B. 25 , 
3652). 5 -Plieiiyl- 2 -liydiozythia 201 e melts at 204° (A. 249 , 16} (see above). 
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Mercaptothiazoles result upon heating a-chloroketones with ammo- 
nium dithiocarbaminate : 

CH— S. , o 

4-Metbyl-2-mercapto-thiazole. II >c.sh, melts at 90 . 

CH3.C N/ 

2-Phenylmercapto-thiazole melts at 168° (B. 26 , 604). 

Thiazole Carboxylic Acids. — ^Their esters are produced in the con- 
densation of chloracetoacetic ester, chloroxaloacetic ester, etc., with 
thioamides: 


COjR.CHCl 

CHj.io 

a-Chloracetoacetic Ester. 


HS. 

>CCH8 

Thiacetamide. 


CO3R.C— Sv 

II y.cH,. 

Dimethyltniazole-5-carboxylic Ester. 


Furthermore, the amino-, oxy-, and mercapto-thiazole carboxylic acids 
are formed by reactions similar to those employed for the amino-, oxy-, 
and mercapto-thiazols, if instead of the ketone derivatives the corre- 
sponding ketone carboxylic acids are introduced into the reactions. 

4-MethyltWazole-5-carboxylic acid, C3(CH3)HNS(COOH), melts at 
257°. Its ester is obtained from aminomethylthiazole carboxylic ester 
(see below) by converting it into chlorothiazolecarboxylic ester and 
then reducing the latter. 

2-Methyl-4,5-thia2oledicarboxylic acid, C3(CH3)(COOH)2NS, melts 
with decomposition at 169®. It is formed from chloroxaloacetic ester and 
thiacetamide. 2-Methyl-4-thiazylacetic ester, C3H(CH3)(CH2.C02R)NS, 
boiling at 239°, is formed from y-bromacetoacetic ester and thiacetamide. 

2-Aminothiazole-4-carboxylic acid, sulphuvinic acid, C3HSN(NH2)- 
C00H( + 2H20), decomposes at 245®, and is formed from dibromo- 
pyroracemic acid. Its ester, melting at 173®, is produced from mono- 
bromopyroracemic ester and thiourea (A. 261 , 25). . 

2-Amino--methylthiazole-4-carboxylic ester, melting at 175®, is 
obtained from a-chloracetoacetic ester and thiourea. Its diazohydrate 
melts at 100® with decomposition. 2-Hydroxy-4-methylthiazolecarb- 
oxylic ester, C3{OH)(CH3)SN.COOC2H5, melting at 128®, is formed 
from a-sulphocyanacetoacetic ester (A. 269 , 284, 298). 2-Mercapto-4- 
methylthiazolecarboxylic ester, C3(SH)(CH3)SN.COOC2H5, melting at 
141®, is formed from a-chloracetoacetic ester and ammonium dithio- 
carbaminate (B. 26 , R. 604). 

Dihydrothiazoles or thiazolines are s3mthesized from (i) alkylene 
haloids, or ^-haloid alkylamines and thioamides (B. 24 , 783 ; 29 , 2610) : 


CH,.NH, n: 

I + 

CHj.Br SH 


;h/ 


I Nc.ch,. 
CH*— S / 


(2) By the action of PgSg upon acidyl-i 5 -bromalkylamides (B. 26 , 
1328): 

1 — ^ C.Hj.cA I 

CHjBr \ S— CH. 


The thiazolines are much more readily decomposed than the thiazoles. 
2-Methylthiazolme, boiling at 145®, on evaporation with hydrochloric 
acid, becomes i 5 -amino-ethyl mercaptan. 2-Plwiylthiazoline, boiling 
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at 276®, is obtained from benzoyl-jS-bromethylamide by the action 
of P2SS. It yields benzoyltaurine when it is oxidized: 

CH,— S. „ CH,— SO,H 


-NH— COC.H. 


(B. 23 , 158). 


S-Methyl-z-tolylthiazoline, C3H3(CH3)(C7H7)NS, boiling at 295°, is 
made from / 3 -brompropyltolylamide and PjSg. Thiazolme-2-mercaptan, 

CHg*~~S \ 

CH melting at 107°, is prepared from bromethylamine 

and CSg (B. 22 , 1152), as well as by the action of carbon bisulphide 
upon vinylamine, CHg : CH.NHg (B. 28 , 2932). 

The alkylene derivatives of ^s^wio-thiourea, previously discussed, 
are aminothiazolines. They have mostly been obtained by rearrange- 
ment of allyl thioureas {thiosinamines, I. 409). 2-ikailino-5-metbyl- 
thiazoline, N-Phenylpropylene-yf-thiourea, C3H3(CH3)NS(NHC3H5), melt- 

CH =CH HS 

ing at 117^ is made from dilyl phenylthiourea, * | \cNHCeH5 

(B. 22 , 2991). 

2-Piperidyl-5-m6thylthiazoline, C3H3(CH3)NS(NC3Hio), boiling at 
277°, is obtained from allylpiperidyl thiourea (B. 24 , 265). 2 -Methyl- 
amino^.S-diphenylthiazol^e, C3H2(C3H5)2NS(NHCH3), melting at 155°, 
is derived from diphenylhydroxyethylamine and methyl mustard oil 
(B. 28, 1900). 

The following are derivatives of tetrahydrothiazole: 
2,4-Diketotetra}iydrothiazol6 (I.), melting at 112°. It results on 
evaporating sulphocyanacetic acid or sulphocyanacetamide with acids 
(B. 26 , R, 324; I. 469). 

2-Thia-4-keto-tliiazolidine, rhodaninic acid (IL), from chloracetic 
acid and ammonium sulphocyanate (C. 1903, L 283; 1908, II. 1038), 
and 4-keto-2-imido«thiazolidine, pseudo-thiohydjfiritom (III.)» m.p. 71°: 


CO.NH/ 


CO.NH/ 


CHa— S\ 

co.nh/' 


C:NH. 


2-Imido-4-keto-tliiazolidme acetic acid, m.p. 216^ with decomposi- 
tion, from chloro-succinic acid and thiourea (B. 27 , R. 742), gives the 
diketo acid m.p. 169® on hydrolysis. 


10. BENZOTHIAZOLES. 

The benzothiazoles, the analogues of the benziminazoles and ben- 
zoxazoles {anhydro-bases) are prepared (i) from o-aminothiophenols 
(II. 209) and carboxylic acids (their chlorides or anhydrides) by the 
exit of water (A. W. Hofmann, B. 18 , 1224) : 

COOHR >C,H«<^J^C.R. 

(2) Upon heating acid anilides with sulphur, or oxidizing thio- 
anilides with potassium ferricyanide: 

Tbiobeaueanilide. ft-Pheaylbeozothiaxole 
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Phenylbenzothiazole is also produced on heating benzylamine with 
sulphur. Hydrogen sulphide is evolved and thiobenzanilide is first 
formed, which then reacts in the sense above indicated (A. 269 , 
300). 

Similarly, the action of Br in chloroform solution upon arylthioureas 
produces cyclic phenylene-v>-thioureas and ft-aminobenzothiazoles 
(B. 36 , 3121). 


The benzothiazoles are feeble bases; their odour resembles that of 
quinoline. Fusion with caustic potash resolves them into amino- 
thiophenols and carboxylic acids. 

Different benzothiazole derivatives are important as substantive 
cotton dyes. 

Benzothiazole, methenylaminothiophenol, CeH4(NSCH), b.p. 234®, 
is formed (i) from o-aminothiophenol and formic acid; (2) from 
formanilide and sulphur; {3) from dimethylaniline on heating with 
sulphur (B. 31 , 3164); (4) from o-nitrophenylthioglycoUic acid on 
heating with concentrated NaOH (M. 28 , 270). Benzoyl chloride and 
NaHO splits up benzo-thiazole (like benziminazole) into dibenzoyl-o- 
amino-phenol and formic acid (B. 38 , 3430) : 


C.H4<^^^CH +2C.H5COCI +NaOH +2NaCl +HCO,H. 


Benzisothiazole, CqH 



at 242°, is isomeric with 


benzothiazole. It is formed in the reduction of the o-nitrobenzyl ester 
of carbaminthiolic acid or of o-nitrobenzylmercaptan (II. 251) (B. 28 , 
1028 ; 29 , 160). /^Methylbenzothiazole, CeH4(NSC2H3), boils at 238°. 
/i-Phenylbenzothiazole ^elts at 114''. /^,^-Amino-phenyl-toluthiazole, 
Dehydrothiotoluidine, ch, . CeH3<^5\c.CeH4.NH8. melting at 191°, 
^s produced when thiotoluidine is heated with sulphur. Its trimethyl- 
ammonium chloride derivative is the dye Thiofiavine. Dehydrotoluidine, 
when further heated with thiotoluidine and sulphur, yields the base 
of the dye Primuline : 


CH, . C,H3/ ^ ^ . CeH,/ ^ >: . CeH4NH3. 


A series of benzothiazole derivatives has been obtained from ‘‘ chlor- 
phenyl-mustard oil,’’ or /u-chlorbenzotbiazole, melting at 

24° and boiling at 248°. It results when PCI5 acts upon phenyl- 
mustard oil. The reduction of chlorphenyl-mustard oil leads to benzo- 
thiazole; with alcohol we get /^hydroxybenzothiazole; with sodium 
ethylate, M-ethoxybenzothiazole; with sodium sulphydrate, sulphydro-, 
with ammonia, amino-, and with aniline, anilino-benzothiazole. /a- 
Hydroxybenzothiazole, C3H4(NSCOI^, melting at 136°, is formed from 
chlorocarbonic ester and aminothiophenol. /^-Ethozybenzothiazole, 
^e^^lNSCOgHg), melting at 25° and boiling above 360°, results upon 
oxidizing phenylthiourethane with potassium ferricyanide. 
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fuSulphydrobenzothiazole, CgH4(NSC.SH), melting at 179°, is also 
obtained from aminothiophenol and CS2; from azobenzene with CSg; 
from phenyl-mustard oil and sulphur, etc. (B. 24, 1403). /^Amino- 
benzothiazole, CgH4(NSC.NH2), melts at 129° (B. 18 , ii). fi-Anilino- 
l^nzothiazole, C(jH4(NSC. NHC^Hg), melting at 159°, is also formed from 
azobenzene and phenyl-mustard oil (B. 24, 1410). Amino-benzo- 
thiazole with methyl iodide yields iV-methyl-imino-benzo-tUazolm 

: NH, m.p. 123° (B. 43 , 1519). 

Benzo-thiazole-carboxylic acid, CgH4(NSC)C02H, melts at 108°, 
decomposing into CO2 and benzo-thiazole. It is formed by the oxida- 
tion of thio-oxanilinic acid, CgHgNH.CSCOgH, with potassium ferri- 
cyanide in alkaline solution (B, 87 , 37 ^^)* 

Bis-benzothiazole, c.h.</^\c.c/^c.h, (B. 29 , R. 87), is pro- 

duced when sulphur is heated with acetanilide. 

N=CH. 

The hypothetical nucleus of Selenazole, I /Se, corresponds 

CH = CH''^ 


to thiazole. Some derivatives of it have been obtained in a manner 
similar to that used with the analogous thiazole derivatives. 2-Methyl 
N=-C(CH8). 

selenazoline, I ySe. boiling at i6i°, results on treating di- 

acetamidoethyldiselenide, (CH3.CO . NH . CH2.CH2Se)2, with phosphorus 
pentachloride. It is an oil with an odour resembling that of pyridine 
(B. 25, 3048). 2 -Imidotetrahydroselenazole, Ethylene- \p-selenurea, 


NH— C(NH). 

I is an oil. It is obtained from bromethylamine; and 

CHa CHa^ 

potassium selenocyanide (B. 23 , 1003). 

The following four groups of pyrro-diazoles or triazoles can be divided 
into two families: (i) groups with adjacent N-members; (2) groups 
with divided N-members. The root-bodies of the pyrro-faaj- and 
[a&]-diazoles on the one hand, and the pyrro-[a6i]- and [66i]-(iiazoles on 
the other seem to coincide. They can be distinguished as v- (adjacent) 
triazole and s- (symmetrical) triazole, and we may represent their faculty 
of desmotropy by the following formula (compare C. 1902, 1 . 426; B. 35 , 
1038): 


CH— N. 

v-Triazole ; I H 
CH- 


)>N. 


N— CHv 

5-Triazole ; I H /N. 
N— CH/ 


The same uncertainty attaches to those derivatives which are only 
substituted at the C-atoms. On the other hand, we may distinguish 
with certainty the four groups indicated by theory in their AT-alkyi and 
A’-aryl derivatives: 


CH:N\ 

CH:N/^^' 
P yrro[aai]diazoles. 


CH : CH\ 

>NR. 
N— — N/ 

Pyrro[a6]diazoles. 


N :CH/ 
Pyrro[Wi]di azoles. 


N ;CH 
CH : 


• CH— N. CH=N 

II. Osotriazoles or Pyrro[aai]diazoles, I h Nn and I >nr. 

^ CH— N/ CH=N/ 

have been obtained by the following methods: 
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(1) By the condensation of azoimide with acetylene or a-acetylene 
carboxylic acids on heating the components in ethereal solution (B. 48 , 

CH HNv CH— N\ 

2219; C. 1910, II. 225): III + I yN >1 H ^N. 

^ ^ CH n/ CH—N^ 

The esters of azoimide combine with acetylene and a-acetylene 
carboxylic acids to form derivatives of pyrro-[a6]diazole. 

(2) By the condensation of diazo-methane with some hydrocyanic 
acid derivatives like CICN, BrCN, dicyanogen, and cyano-formic acid 

R.C^N RC—Nv 

ester (C. 1907. II. 1491. 1738; 1901, I. 1532): „ 

(3) By boiling with acids or distilling the osazones of o-diketo- 
compounds, or the oso-tetrazines, which are the oxidation products of 
the osazones: 


CeHfi .C -N— NHCeHj .C 

I ^ 1 I 

C.Hs .C =N~-NHCeH5 CeH^ .C =N— NCeH^ 

Benzil osazone. Beozil osotetrazooe. 


-> I >NC«H, 

Tripbenylosotriazole. 


Similarly, A'-dibenzoylaminoosotriazoles are formed by the trans- 
position of dibenzoylosotetrazines on heating alone or with HCl. 
The iV-aminoosotriazoles, treated with nitrous acid, yield osotriazoles 
with evolution of nitrous oxide (B. 42 , 659; J. pr. Ch. [2], 78 , 544) : 


CHj .C:N .N .COC,Hj^^ ^ CHj, .C:N, 
CH,.C:N.l!r.COC,H, ^CH 


;,.C:N/ CH3.C:N^ 


CHg.CiN. 


(4) From the hydrazoximes of o-diketo compounds h|r removal of 
HgO with acetic anhydride or PCI5. Methylphenylhydrazone oximes 
of a-diketones also yield osotriazoles with loss of methyl alcohol 
(Pechmann, A. 262 , 265). On oxidizing the hydrazoximes with N2O4 
or HgO in chloroform, we obtain endoxy-dihydro-pyrroididLiydiazoles, 
which easily pass, by reduction or on treating with PCI5, into the 
osotriazoles (J. pr. Ch. [2], 67 , 160; C. 1908, II. 1932): 


CH,C=NNHC,H3 o 
CH,C=NOH 


CH3C^ -Nk 

CH3C N/ 

\o/ 


NCeH5-^> 


CH3 C=Nv 

CH3C=N/ 


NC3H3 


Behaviour . — Osotriazoles are mostly feeble basic liquids with an 
odour 'resembling the alkaloids. They distil without decomposition. 
Their imine hydrogen can be replaced by metals. The phenyl group 
of the iV-phenyltriazoles can be split off after amination by simple 
oxidation. Potassium permanganate oxidizes C-alkylosotriazoles to 
osotriazole carboxylic acids. Nevertheless, the osotriazole ring is 
stable towards most reagents. 

CH-~Nv 

Osotriazole, t;-Triazole,^H m.p. 23®, b.p. 204®, hygroscopic. 

Silver nitrate precipitatesa silver salt, CgHgNgAg ; benzoyl-chloride gives 
the easily decomposed benzoyl-v-triazole, m.p. ioo°“i02°. Osotriazole 
is formed (i) from acetylene and nitro-hydric acid; (2) by heating its 
carboxylic acid (see below) ; (3) from iV-aminb-triazole with nitrous acid.^ 
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C-Phenyl-osotriazole^ C^g.C^HgNa, m.p. 144°, from its carboxylic 
acid. C,C-Dimethyl- and u,c-dipheiiyl-osotriazole, m.p. 70® and 138®, 
from the corresponding iV-amino-osotriazoles with nitrous acid; the 
former also by breaking up Ar-phenyl-C,C-dimethyl-osotriazole. 

AT-Methyl-C-chlorosotriazole, ClCgHNg.CHg, b.p.32 63®, and iV- 
metliyl-C-bromosotriazole» b.p.39 63®, from diazo-methane and chloro- 
or bromo-cyajiogen. These explode violently above 260® (C. 1907, 
II. 1738). 

iV-Phenyl-osotriazole, C2H2N3.C3H5, boiling at 224®, is formed from 
its carboxylic acid or from glyoxal osotetrazone. iV-Phenyl-mei^l- 
osotriazole^ C2H(CH3)N3.C3H5, boiling at 150® (60 mm.), is obtained 
from methyl glyoxal. iV-Ph6nyl-dimel;liyl-osotriazole» C2(CH3)2N3.C3H5, 
boiling at 190® (60 mm.), is formed from dimethyl glyoxal (I. 349). 
Triphenyl-osotriazole, C2(C3H5)3N3, melting at 122®, is obtained from 
benzil (B, 21 * 2806). 

iV-Amino-osotriazole, C2H2N2.NH2, m.p. 51®, C,C-Dimethyl- and 
C,C-Diphenyl-iV-amino-osotriazole» m.p. 95® and 135®. iV-Phenyl- 
C-amino-C-methyl-osotriazole, C2(CH3){NH2)N3CeH5, m.p. 83®, from 
Pyruamidehydrazone phenylhydrazone, CgHgNHN : C(NH2) . C(CH3) 
N.NHCgHg (B. 26 , 2783; 28 , 1283); it forms a diazo-compound, which, 
on boiling with water, gives iV-phenyl-methyl-hydroxy-osotriazole, 
C2(CHo)(OH)NoCftHB, m.p. 141®, and with potassium-cupric cyanide 
iV-phenyl methyl cyano-triazole. 

iV-Phenyldiamido-osotriazol6, C2N3(C3H5)(NH2)2, melting at 143®, 
is derived from oxamidephenylhydrazide-amidoxime, C3H5NH.N:- 
C(NH2)C(NH2) : NOH. In certain respects it shows great similarity 
to the aromatic o-diamines, in that it forms an azw^-like blue dyestuff; 
with o-diketones it yields quinoxaline-like bodies. It does not form 
anhydro-hd^ts. Nitrous acid converts it into a stable diazo-compound 
which is readily changed by sodium acetate to phenylosotriazole-azimide, 

.N=C— NHv 

CeH5N<^^ ^ ^ The latter can be readily decomposed into 

the diazo-compound (A. 295 , 129). 

C-Methyl-, -dimethyl-, and-methyl-ethyl-iV-phenyl mifoxy-dihydro- 
pyrro-[aai]-diazole, m.p. 67®, 93®, and 43® respectively, from the corre- 
sponding hydrazoximes with HgO, give by reduction the corresponding 
osotriazoles, and on heating with halogen hydrides osotriazoles halo- 
genated in the phenyl nucleus (C. 1899, II. 432, etc.). 

iV-Phenyltriazole aldehyde, C2H(CHO)N3CeH5, melting at 70®, is 
obtained from its oxime, melting at 115®, which is formed from di- 

HON : CH . C-=N . NHCeHj 

isonitrosoacetone phenylhydrazone, 537)* 

Cri =N .OH 

By the exit of water the aldoxime becomes N-phenylcyanoiriazole, 
C(CN)HN3CjH 5, mdting at 94°. 

Osotriazole carboxylic acid, COjH.CjHgN,, m.p. 219° with dec., 
from propiolic acid and N3H ; aJso from iV-phenylosotriazolecarboxylic 
acid (see below) ; from JV-phenyl-p5rrro-[«6]diazole-a- and )J-carboxylic 
acid ; and from azimido-trichloro-phenol or 62-hydroxy-trichloro-benzo- 
pyrro-[a6]-diazole. Its nitrile, m.p. 114°, is formed by the condensation 
of dicyanogen with diazo-methane. 
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iVJffethylOsotriazolecarbozylic acid, m.p. 142® (C. 1907, IL 1491). 
C-Phenylosotriazolecarboxylic acid, m.p. 206® with dec., from phenyl 
propiolic acid and NgH. 

iV-Phenylosotriazolecarboxylic acid, C2(COOH)HN3CgH5, m.p. 192®, 
is obtained by the oxidation of iV-phenylmethyl triazole ; on reduction 
it splits up into prussic acid and phenyl hydrazido-acetic acid. 

Osotriazoledicarboxylic acid, (C02H)aC2N3H, m.p. 200®, with dec. 
into CO2 and oso-triaizol. It is formed out of acetylene dicarboxylic 
acid with N3H, and by the oxidation of tolutriazole, of iV-amino- 
phenyl-p5n:ro-[a^]-diazoledicarboxylic acid and of C-methylosotriazole- 
carboxylic acid, m.p. 220® with dec. The esters of these result from 
boiling aceto-acetic ester diazo-anhydride with alcoholic ammonia 
(B. 26 , 2736). A^-Phenylosotriazoledicarbozylic acid, C2(C02H)2N3- 
C3H5, m.p. 236°, from phenyldimethyltriazole, easily gives cin anhy- 
dride melting at 184®. 

The pseudo-azimides may be viewed as benzo-derivatives of oso- 
triazoles. A constitution similar to that given the indazoles has been 
ascribed to them, hence they may be called indodiazoles : 


c«h*<^“>nR. 


Indazoles. 




Ps^w^io-azimides are produced (i) when o-amino-azo-compounds are 
oxidized (compare B. 25 , 901; 27 , 2374, etc.). The condensation can 
also be effected by means of thionyl chloride (B. 28 , 2201). 

Should the amino-group be substituted, the oxidation will give rise 
to ammonium hydroxide compounds (B. 20 , 1 174 ; 28, 328) . Heretofore 
such compounds were only prepared from bases of the naphthalene series. 
This reaction can easily be made retrogressive by reducing agents: 

NH, o /NH.C.Hg ^ N. 

CeH / / I >NCeH,; C.oH,/ < | >NCeH,. 

^NiNCellg \N:NC,H5 

o-Amino-azobenzene. A^-Phe4yl-i//-azimido- Benzene-azonaphthyl- Diphenyl-naphthalene 

benzene, m.p. 109*. anilme. Azoammonium 

Hydroxide. 

o-Anilinonaphthalene-azo-benzoic acid yields the acid of the 
latter compound. It readily changes to a betaine-like anhydride. 


(2) o-Nitro-azo-bodies yield, on careful reduction (sodium sulphide 
and hydrosulphite), first azimido-oxides or azo-nitroso-compounds, 
which are also formed from o-nitro-hydrazo-benzenes by extracting 
water with glacial acetic acid (J. pr. Ch. [2], 60 , 104; B. 82 , 3266). By 
reduction with SnClg and HCl, these oxides easily pass into azimides 
(B. 86, 3822; C. 1903, II. 204): 


CH /NO, 

P T-I / NO, 
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AT-Phenyl-v-azimido-beiizene, CgH4(N3)C.H6, m.p. 109°; Oxide, 
CgH4(N30)C8H5, m.p. 72°. AT-Phenyl-v'-azumdo-toluene, CHg.CgHg- 
(N^gHg, m.p. 98°; Oxide, m.p. 142°. iV.^-Hydroxyphenyl- and 
Ar- 1 ^drozynapht%l-aziimdo-benzene, m.p. 2i7°-2i9° and m.p. 204° 
(J. pr. Ch. [2], 67 , 580). 

On the breaking up of iV-phenyl-v'-azimido-benzene with splitting 
of the benzo-ring, forming carboxylic acids of the osotriazole series, 
see J. pr. Ch. [2], 68, 244. 

O) (a) 

Qpj CH\ 

12. Pyrro-[ab]-diazoles, ^ ~ ^^^nr(N). — ^T he fundamental sub- 
stance of this group, pyiTo-[a6]-diazole, cannot be distinguished from 
osotriazole or v-triazole, any more than the compounds of both groups 
containing a free imino-group. N-substituted pyrro-'[a6]“diazoles 
have been obtained by the following methods : (i) Action of phenyl- 
azoimide and other esters of azoimide upon a-acetylene carboxylic 
ester alone, or upon )?-ketonic acid ester with sodium alcoholate : 

CeHgN CCOjR CeH^N CCO2R CeH,N COCH3 CeH^N CCH3 

/\ + III I II . /\ + I - I II 

N=:N CCOjR NiN.CCOaR N=N CH^COaR N : N.CCOjR 

Phenylazoimide also unites with malonic, cyanacetic, and phenyl 
acetic esters, with benzyl cyanide, and even with acetic and propionic 
acid esters apd with ketones to form hydroxy- and aminO“pyrro-[a&]- 
diazoles (B. 85 , 4041; 39 , 3920). 

(2) The action of NHg, hydrazines, semicarbazide, or hydroxyl- 
amine upon furo[a6]diazoles {diazo-anhydrides) produces pyrro-[fl6]- 
diazoles (A. 325 , 152 ; B. 36 , 3612) : 

CO3RC : C(CH3)\ nh.X CO3RC : C(CH3)\ 

N_N/° ^ 


(3) From amino compounds substituted on the nitrogen, or benzo- 
pyrro-[a6]-diazoles, pyrro-[f^6]-diazole carboxylic acids are formed by 
the breaking up of the benzo-ring (A. 311 , 276; 313 , 251) : 


fN(CeHs)\ 


CO,HC.N(CeH5)v^ 
COjHC N/ 



CO,HC.N(OH)\^ 

CO3HC n/ 


iV-Phenyl-P3nTO[ab]-diazole, C2H2N3(CeH5), m.p. 56°, from acetylene 
and phenylazoimide. A^-Phenyl-a-me&yl-P3rrro-[ab]-diazole, m.p. 64°, 
Ar,a-Diphenyl-pyrro-[ab]-diazole, m.p. 114°, are easily obtained from 
their carboxylic acids by heating. 

A^-Methyl-^-cUoropy]TO-[ab>diazole^ C1C2HN3(CH3), liquid, and iV- 
phenyl-a-chloro-pyrro-[ab]-cUazole,m.p. 50®, result from the a-hydroxy- 
pyrro-diazolecarboxylic acid esters by treatment with PCI5, saponifi- 
cation, and elimination of COg ; the Cl-atom is very mobile. 

Carboxylic A cids , — A'-Phenyl-a-inethyl-pyrro-[ab]-diazolecarboxylic 
acid, (CH3)(CO2H)C2N3(C0H5), m.p. 148?, from phenylazoimide and 
aceto-acetic ester, gives on heating phenyl-methyl-pyrro-diazole, and 
on subsequent oxidation iV-phenyl-pyrro-[ab]-diazole-a-carboxylic acid, 
m.p. 176® with dec. ; the N-phenyl-pyrro-[ab]-diazoledicarboxylio acid, 
m.p. 150®, produced by the oxidation of phenylmethylpyrro-diazole 
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carboxylic acid, or from acetylene dicarboxylic acid ester, or by 
oxidizing iV-phenylazimido-aminobenzene, yields, after brief heating, 
Ar.phenylpyrro-[ab]-^azde-)?-carbo^ acid, m.p. 151°. 

Hydroxypyrro-l^hYdiazoles . — ^These are closely related to the diazo- 
carboxylic amides, from which they are generated by the action of alka- 
lies, some of them on simply fusing them or on warming their solutions : 

i-N X-Nv = • N — XNv 

1/ >NH, 1/ I >NH. 

CH— CO/ CH:C(OH)/ CO|R.C--CO/ CO.RC: C(0H/ 

Diazoacetamide. Hydroxypyrro[aftl- Diazomalonaminio Hydroxypyrro-[afc>diaxole- 
diazole. acid ester. carbioxylic ester. 

This peculiar transposition is reversible, since, on fusion, or on 
warming their solutions, the a-oxypyrrodiazoles are converted, more or 
less completely, into the diazo-carboxylic amides, or their disintegra- 
tion products. The facility and speed of this isomerization depend 
upon the substituents. It takes place easily in the case of the hydroxy- 
pyrrodiazole carboxylic esters, and especially its AT-aryl substitution 
products (A. 878, 336). 

The hydrox3rpyrro-[a6]-diazoles are strongly acid compounds. With 
diazonium salts they couple to form oxy-azo-dyes. With nitrous acid 
they yield nitroso-hydroxy-pyrro-diazoles, which are possibly oximino- 
pyrro-diazolones. 

a-H3rdroz3i^yrro-[ab>diazole, (HO)C2H2N3, m.p. 130° with dec., from 
diazo-acetamide, on gentle heating with alkalies, and from its car- 
boxylic ester by saponification and rejection of COg. Stable towards 
alkalies, it is split up on boiling with acids into nitrogen, ammonia, and 
glycoUic acid, probably by way of the diazo-acetamide (B. 48, 2441). 
Ar-Phenyl-a-hLydroxypyiTol-[ab]-4i (HO)C2HN3{CeH5), m.p. 119°, 
from phenylazoimide and acetic ester, and from its carboxylic acid (see 
below), on merely warming with water. KMn04 oxidizes it to oxanilic 
acid, CgHgNH.COCOOH. With nitrous acid it yields the yellow 
unstable '^-phenyloximino-pyrro-\dh'ydiazolone, decomposing at 195°, 
some of the salts of which have various coloured modifications. The 
transposition of ^-phenyUbenzoyl-oximino-pyrro-diazolone, m.p. 133°, 
into ^-phenyl tetrazole carboxylic acid, is worthy of note (B. 41, 4055) 
(see p. 146). 

A^-Phenyl-a-hydroxy-)?-methylp3rrro-[ab]-diazole, from methyl 
malonic ester, a-methylaceto-acetic ester, or propionic acid ester, with 
C3H5N3 and sodium alcoholate, is broken up by KMn04 pyro- 
racemic acid anilide, C3H5NH . COCOCH3. iV,/?-Diphenyl-a-hsrdroxy- 
P3rrro-[ab]-diazole, m.p. 151°, from diazo-benzolimide and phenylacetic 
ester. 

a-E[ydroxypyrr(>-[ab>diazole-carboxylic methyl ester(see above) , m.p. 
143°, is obtained by the breaking up of AT’-dinitrophenyl-a-hydroxy- 
pyrro-diazole carboxylic ester on heating with ale. ammonia. On 
fusing or boiling with alcohol it partly transforms itself into diazo- 
malonaminic acid ester, from which it can be regenerated by treating 
with sodium ethylate. 

a-Hydrozypyno-[ab]-4iaaEoleo^ acid amide, m.p. 196°, from 
phenylazoimide and malonamide with elimination of aniline. On 
fusion it passes into diazo-malonamide, N2C(CONH2)2. iV-Methyl- and 
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iV-phenyl-a--ozsrpyrro-[ab]-diazolecarboxylic methyl ester, m.p. 136^ and 
74®, from methyl azide or from phenylazoimide and malonic ester. 

C-Amino-pyrro-[ab]-dUazoles have been obtained by the condensation 
of diazo-benzolimide with cyanacetic ester, and benzyl cyanide; also 
from the chloro-pyxrodiazoles, with ammonia and amines. The amino- 
pyrro-diazoles not substituted at the nitrogen possess an acid character. 
With nitrous acid they yield normal diazo-compounds capable of coup- 
ling. The a-amino-pyrro-diazoles, like the a-hydroxy-pyrro-diazoles, 
are distinguished by remarkable transformation processes. Thus, iV- 
phenyl-a-amino-pyrro-[ab]-diazole, m.p. no®, obtained from iV-phenyl- 
chloro-pyrro-diazole with NH3, transposes, on fusion, into the isomeric 
a-anilino-pyrro-diazole, m.p. 139®. Similarly, iV-phenyl-a-methyl- 
amino->psrrro-[ab>diazole, m.p. 102®, on boiling with pyridine, passes 
into iV-methyl-a-anilino-p^o-[ab]-diazole, m.p. 172®, the methylamino- 
and anilino-groups changing places: 


HC : C(NH,)\ 

n=~n/ 


NCeH,-> 


HC : C(NHC,H5)\ 




While these transpositions are not reversible, iV/J- diphenyl - 
a-amino-pyrro-[ab]-diazole, m.p. 179® (from phenylazoimide and 
benzyl-cyanide), and )9-phenyl-a-anilmo-p3rrro-diazole, m.p. 167°, can 
be converted into each other, up to a certain condition of equilibrium, 
by fusion or boiling with pyridine. The same applies to iV-phenyl- 
a-amino-pyiTo-[ab]<^azol6carb(ncylic ethyl ester, m.p. 126®, and a- 
anilino-psrrro-diazolecarboxylic ethyl ester, m.p. 130®. The corre- 
sponding acids, m.p. 142® and 153®, yield the same a-anilino-pyrro- 
diazole on fusion, with rejection of COg (A. 364 , 183). 

iV-Amino- and A/'-oz 3 rpyrro-[ab]-diazoles. — A^-Amino-a-methyl- 
PSrrro-[ab]-diazole, (CH3)C2HN3(NH2), m.p. 70®, from its carboxylic acid, 
which is obtained by saponifying the condensation product of aceto- 
acetic ester diazo-anhydride with semi-carbazide (B. 36 , 3612). A"- 
Anilino-a-methyltriazole and its carboxylic acid result from aceto- 
acetic ester diazo-anhydride with phenylhydrazine, etc. (A. 325 , 156). 
A-Oxy-a-methyl pyrro-[ab]-diazolecarboxylic acid, decomposing at 205®, 
is a dibasic acid. Its esters result from aceto-acetic ester diazo-anhy- 
dride with hydroxylamine ; on oxidation it yields A-hydroxy-p5rrro- 
[ab]-diazoledicarboxylio acid, (COOH)2C2N3(OH) + 2 H 2 O, which has also 
been obtained by oxidation of benzazimidole (A. 325 , 162). 

Benzopyrro[ab]diazoles or aziminohenzenes result from the action 
of nitrous acid upon o-diamines: 


* *\NH, 
o-Phenylenediamine. 


o-Aminodiazobenzene. 


■>CeH 



Aziminobenzene. 


When the benzene nucleus is substituted the A-substituted azimido- 
benzols occur in two isomeric forms, determined by the position of the 
NR-group with reference to the benzene substituents. This is a proof 
of the unsymmetrical structure of the azimidobenzenes. When, how- 
ever, the NH-group is free there always appears to be but one preferred 
position of the hydrogen atom (see uramidoaziminobenzoic acids, 
A. 291 , 313). The aziminohenzenes no longer manifest the instability 
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of the diazo- or diazoamino-derivatives, but can be distilled without 
decomposition. The imine hydrogen can be replaced by alkyls. The 
tertiary bases form ammonium bases with alkyl iodides. ^-Hydroxy- 
derivatives of the azimino-benzenes, the A2dinidols, are formed when 
alkalies act upon o-nitrophenylhydrazines (B. 27 , 3381 ; 29 , R. 790) : 


^NH- 




C.H4/ y i 

\no, \n=-' 

o-Nitrophenylhydrazinc. Azimidol. 



Azimido-beuzene, CeH4(N3H) , melting at 98°, is isomeric with phenyl- 
azoimide. [2]iV-Phenylazimido[4]ethoxy- benzene melts at 108®. 
[2]Ar-Phenyl^mido[5]ethozy-benzene melts at 99® (compare J. pr. 
Ch. [2], 63 , 97). iV-Tolylazimido-tolnene, C7H3(N3.C7H7), melting at 
95°, is derived from o-aminoditolylamine (B. 26 , 1023), and is isomeric 
with 'M-tolyl-fp-azimido-toluene, melting at 126®. 

Benzoazimidol, melting at 157®, is formed in the 

action of alkalies upon o-nitrophenylhydrazine. It is a rather strong 
acid. It yields the iodethylate of iV-ethylaziminobenzene with ethyl 
iodide. Hydriodic acid reduces it to aziminobenzene, while potassium 
permanganate oxidizes it to a strong tribasic acid, probably N-oxy- 
pyrro-[a6]-diazoledicarboxylic acid (see above). 


13. SYM-TRIAZOLES. 

_( 2 )_ 

Pyrro-[abi]-and-[bbi]-diazoles: 

In the case of the fundamental substances of these two groups of 
pyrro-diazoles and the derivatives with unsubstituted imino-group their 
derivation is uncertain. But the AT-phenylated derivatives can be 
allocated to one or other group of pyrro-diazoles from their syntheses. 

Formation, — (i) Hydrazidines or amidrazones, 
with carboxylic acid anhydrides, acidyl derivatives, which form triazoles 


by rejection of water: 


I RC/''-''”* - 

■ \NH.COCH, 

yN— NH yN N 

~^^C\n;^CCH, CCH, 

II 

^Xnhcoch, 

^ ^\n=CCH, 


The hydrazines also react similarly with aldehydes and ketones. 

(а) Thus, triazoles were first produced by Bladin from acid deriva- 
tives of dicyano-phenyl-hydrazine, CN . CfNHg) : NNHCgHg (B. 18 , 
1544; 25 , 183). Similar condensations are shown hy A mido-guanidine, 

Pyruvic hydrazidine, etc.(B. 26 , 2598, 

2782; 27 , 989, 3273: A. 808 , 33)- 

(б) Acidylthiosemicaxbazides of the formula HS.C(NH2) : N.- 
NHCOR, when heated beyond their melting point, 3deld raercapto- 
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triazoles, which change to triazoles upon oxidation (B. 29, 2483 ; C. 1904, 
II. 1505): 


I. HS.C=N— NH 

HS.C=N-~NH 

HS.C=N— N 

Jth, o<!;h 

II. HS.C=N— NH 

i Ih 

HS.C=N— N 

or 1 11 

NH CH 

NHR o(!;h 

1 II 

NR CH 



(c) On heating acid amides with acid hydrazides, or, more simply, 
amides (2 mols.) with hydrazine hydrochloride (i mol.), triazoles are 
formed, probably also by way of acid hydrazidines (B. 27, R. 801; 
Gaz. chim. ital. 26, II. 413) : 


/NHNHg .NHNHj .NH— N ^ 

I. HC< + NHjCHCM-HCC || or HC< || 

^NCHO CH \NH— CH 

.NHNH, >N N 

II. HC< + NH(C4H5)CH0 >HC<; 11 

\N(CeH,)XH 


Similarly, AT-amino-triazoles are formed by heating mono- and 
diacyl hydrazines alone, and under the action of HNOg they split off 
nitrous oxide and pass into triazoles, probably pyrro-[6Si]-diazoles: 


aCH.CONHNH. 


-jtHgO 


>CHaC 


< 


iN- 


-N 


N,0, 


N(NHa).C.CH8 


^>CH8C<^ 


■N N 

II 

NH— C.CH« 


(2) This group of syntheses is related to the formation of tr^azoles 
(probably pyrro-[66i]-diazoles) from sym-diacidyl-hydrazines by means 
of zinc ammonium chloride ; compare the analogous syntheses of furo- 
and thio-[66i]-diazoles and the scheme of azole syntheses (B. 32, 797) : 

NH-XOCH3 NH. 

NH— COCHj ^N=C(CH8)/ * 

(3) Triazoles are formed from triazolones and urazoles by distillation 
with PgSg, sulphuretted triazoles being formed intermediately (B. 25, 
225 ; 27, R. 408 ; C. 1899, 1. 617) : 


CO— NH- 

N=C(CH,V 
Pbenyl>methyl-triazolone. 


>nc,h, 


PgS, 


Pbenja-meuyl-triazole. 


Triazolones with PCI5 give chloro-triazoles, which reduce to triazoles. 

(4) Finally, iV-anxinotriazoles are formed by the* transposition of 
N-dihydro-tetrazines : 


N=CH— NH N=CH— NH N=CH\„ „„ 

NH— CH =N “ N =CH— NH ^ N =CH/^ ‘ *’ 


In the case of iV-dihydro-tetrazine itself, this transposition takes 
place on mere fusion, in other cases on heating with aqueous or alcoholic 
HCl, or cone, alkalies (compare the analogous transposition of dibenzoyl- 
osotetrazines into iV-dibenzoylaminoosotriazoles). 

Behaviour . — ^The triazoles, like the other pyxrodiazoles, are feebly 
basic, nearly neutral bodies. The ptotinom chloride double salts behave 
VOL. in. K 
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similarly to the pyrazoles (Gaz. chim. ital. 26 , II. 417). The imine- 
hydrogen is replaceable by metals. C-Alkyltriazoles yield triazole 
carboxylic acids when they are oxidized. In the iV’-phenyltriazoles the 
phenyl group, particularly after amidation, is split off by oxidation. 

N— CHv 

sywi-Triazole,C,H8N,= 1 h m.p. 121°, b.p. 260°, is a feeble 

base. Its platinum double salt, (C»HjNj.HCl)2PtCl4, loses 2HCI on 
heating. Its nitrate melts at 138*; its copper salt, (C2HgN3)2Cu, 
is obtained from triazole solution with copper sulphate. The sym- 
triazole results (i) from fonnamide and form^drazide; {2) from urazole 
with PjSj ; {3) from iV-amino-triazole with NjOj ; (4) from its carboxylic 
acid (A. 808 . 55) ; (5) from mercaptotriazole by oxidation with HjOj 
(B. 29 , 2485) ; (6) from iV-phenylp5rrro-[66i]-diazole, or from iV-phenyl- 
p}U’ro-[a6i]-diazole by oxidative elimination of the phenyl groups 
(C. 1902, I. 426). 

C-Methyltriazole, m.p. 94°, from i-phenyl-3-methylpyrro-[a&i]- 
diazole by removal of the C^Hj group (B. 25 , 225). 

C-Phenyltriazole, m.p. 116°, by reduction of AT-phenyl-bromo- 
triazole with Na amdgam (B. 48 , 1315). C-Dimethyltriazole, m.p. 192°, 
b p-19 159“; C-diethyltriazole, m.p. 66°, b.p. 267°; C-diphenyltriazole, 
m.p. 192°, and C-difniyltriazole (C4H30)2C2N8H, m.p. 185°, have been 
obtained by methods (la) and (2), and also from the corresponding 
AT-amino-triazoles. The C-diphenyltriazole is also formed by the action 
of acids upon benzal-benzo-hydreizide oxime, C8H5C{: NOH)NH.N:- 
CHCjHj (B. 42 , 4200), and from C-phenyltetrazole by heating. 

Pyr^[bbi>diazoles.— iV-PheD]rl-pyrro-[bbx]-dia2ole,m.p. 121°, from 
formhydrazide and formanilide, has a physiological action similar to 
that of strychnine (C. 1901, II. 125). .^-MethylpyiEO-[bbi]-diazole, 
m.p. 121°, from formhydrazide and methylformamide and from its 
mercaptan with HgOj. iV,C-Diphenylpyrro-[bbi]-dia2!ole, m.p. 142°, 
from its mercaptan (B. 29 , 2919). Tripbenylpyrro-[bbi]^azole, 
m.p. 292°, from dibenzo-hydrazide cMoride and aniline. 

P]nm-[abi]-diazole8.-— iV-Methylp]nTO-[abi]-diazole, m.p. 20°, 
b.p. 183°, from sodium sy«t-triazole and methyl iodide, as well as 
formyl-methyl-hydrazide and formamide (C. 1905, II. 490). i(n)- 
Phenylp]mo-[abx}-diazole, m.p. 47°, b.p. 266°, from its carboxylic acid. 
i(iV)5-Phenyliiiettiyltriazole, m.p. 191°, from its carboxylic acid. 
i(^3-Phenylmeth7ltriazole, m.p. 87°, b.p. 274°, from phenyl-methyl- 
triazolone with PjSj (on its formation from phenyl-azo-acetaldoxime- 
iV-methyl-ether by elimination of HjO (see B. 85 , 752). i(iV)3-Diphenyl 
triazole, m.p. 97°, from formyl benzamide, CjHjCONH.CHO, and 
phenylhydrazine (A. 848 , 229). i(iV)5-Diphenylttiazole, m.p. 91°, from 
i,5-diphenyl-3-chlorotriazole with hydriodic acid and phosphorus. 
i(A)3,5-Tnphenyltriazole, m.p. 104°, from benzonitrile (2 mol.), phenyl 
hydrazine (i mol.), and so^um ; this reaction probably implies the inter- 
mediate formation of a hydrazidine, CjHjC(NH)N(CgH5).N: C(NH2)- 
CjHjj substituted phenylhydrazines and benzonitrile probably react 
in the same manner (J. pr. Ch. [2], 67 , 481). 

Halogen triazoles are formed from the triazolones by heating with 
PClj and POClj to rather higher temperatures; and from the diazo- 
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compounds of the amino- triazoles with hydro-halogen acids ; the halogen 
s bound up in them as firmly as in chlorobenzene, and can only be 
extracted by heating with HI + P. C-Chloro-, C-bromo-, and C-iodo- 
Ixiazole^ C2(Hlg)H2N3, m.p. 167°, 189°, and 208° respectively; and 
[ 7 -methylohlorotriazole» C{CH3)C1N3H, m.p. 147°, from the diazo- 
:ompounds of the corresponding amino- triazoles (A. 848 , 9). i-Phenyl- 
5-cblorotriazole, m.p. 54®. i,5-Diphenyl-3-chlorotriazole, m.p. 96®. 
r-Phenyl-3,5-dichlorotriazole, m.p. 94® (B. 29 , 2671; C. 1897, I. 857). 

Hydroxytriazoles (see below: triazolones). 

Mercapto-tfiazoles, from acidyl thiosemicarbazides (method 2) easily 
yield disulphides on slight oxidation, and triazoles on stronger oxida- 
tion, with rejection of sulphur. Meicapto-triazole, m.p. 216® ; iV-methyl- 
and iV-ethylmercaptopyrro-[bbi>diazole, m.p. 168° and 97° (B. 29 , 
2484; C. 1904, 11 . 1505). 

C-Amino-triazoles are obtained synthetically from acid derivatives 
of amino-guanidine, NHaC(: NH)NHNHCOR. They furnish diazo- 
compounds, which couple with amines ^d phenols to form dyestuffs. 
On reduction these form triazylhydrazines, on oxidation azo-triazoles, 
and, with hydro-halogen acid, they form halogen-triazoles (A. 848 , i). 
Aminotriazole, ^-P* ^59^ ^^^m formylamino-guanidine, 

and from amino-triazole carboxylic acid ; Aminomethyltriazole, C2(CH3)- 
(NH2)N3H, m.p. 148® (A. 808, 33). Amino-iV-phenyltriazole, m.p. 150® 
(see C. 1899, I. 880). 

Anilino-iV-phenyltriazole, C2H(NHC3H5)N3C6H3, m.p. 213®, is 
formed from aminodiphenylguanidine with formic acid (B. 88, 1067). 
i,4«Diphenyl-3-anilinodihydrotriazole (see below), m.p. 128®, , from 
triphenylguanidine and formaldehyde, as well as its homologues, split 
off two H-atoms on gentle oxidation and pass into di-cyclic so-called 
ew^iimino-chhydro- triazoles, which are also obtained direct by the 
condensation of triaryl-guanidines with carboxylic acids or their 
chlorides : 

N==a N-=C N=C— NHCeHj 

I C,H,NHNHC,H, > | C,H,N^NC,H.<-=^ { ^ NC.H. 

C,H,NH + HCOOH C,H,N HC C.H.N— CH, 

The ew^iimino-dihydro-triazoles are yellow compounds with strong 
basic properties, easily split up by caustic alkalies with regeneration 
of the coniponents (B, 88, 856, 4049). The nitrates of the dwc^imino- 
dihydro-triazoles are particularly insoluble; the i,4-diphenyl-^n(fa- 
nilinodihydrotriazole, m.p. 189®, named nitron, has been specially 
recommended for the qu^itative and gravimetric estimation of nitric 
acid (B. 88, 861). 

Correspondingly, endoxjy- and tndLothio-dihydfo-triazoles have been 
obtained by the condensation of carboxylic acids and their chlorides 
with diaryl semi-carbazides and diaryl-thio-semi-carbazides (J. pr. 
Ch. [2], 67 , 201). 

'i^-Aminotriazolesl^-aminopyrro~‘\blb{\-diazoles) areformedon heating 
mono-Md diacyl-hydrazines,or by transposition of N-dihydro-tetrazines. 
iVnAmino-triazole, C2H2N3(NH2), m.p. 83®, is formed on heating formyl 
hydrazine to 2io®-220®; or by mdting N-dihydro-tetrazine and its 
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carboxylic acids ; or from iV-aminotriazole dicarboxylic acid (see below) 
(B. 41, 3168). iV-Aminodimethyl-, - 4 ietbyl-, and -diphenyl-triazole, 

m.p. 199°, 167°, and 258® respectively. The first of these is also 
formed from aceto-hydroxamic acid chloride and hydrazine (B. 40, 
1677). The iV-amino- triazoles, treated with nitric acid, split off nitrous 
oxide and yield triazoles. With aldehydes and ketones they condense 
like substituted hydrazines, with rejection of water: benzylidene-iV- 
amino-triazole, CgHgCH; N.NgC^Hg, m.p. 170°; 1,3-diketones and 
/5-ketonic acid esters form dicyclic compounds containing a combined 
triazole and pyridazine ring (B. 42, 2594) : 


CHj.CO ^H,N CHv ^ 

CH,^ CO HC=N/ ^ 

CH, 


-.H,0 CH3.C=N 

HC : C(CH,) . C=n/ 

Dimethyl- triazo-pyridazine. 


TriazoleCarhoxylic Acids. — ^Triazole-3-carboxylicacid,C2H2(COO^N3, 
melts with decomposition at 137®. It is produced in the oxidation of 
methyltriazole and when KMn04 acts upon iV-aminophenyltriazole 
carboxylic acid. iV-Phenyltriazole-3-carbozylic acid, C2H(COOH)N3.- 
C3H5, melting at 184®, is derived from phenylmethyltriazole as well 
as by the exit of COg from iV-phenyltriazole-3,5-dicarboxylic acid, 
C2(C00H)2N3.C^H5, which is prepared by the oxidation of 
Ar.phenyl-5-metnyltriazole-3-carboxylic acid, C3{CH3)(COOH)N3.C3H5, 
melting at 177®. The latter results from the saponification of its 
nitrile, as well as by the moderated oxidation of acetylphenylmethyl 
triazole. 

C-Aminotriazolecarbozylic acid, C2(NH2)(COOH)N3H, m.p. 182®, 
with rejection of COg, is formed from oxalyl-amino-guanidine; also, with 
A^-aminotriazoledicarboxylic acid, C2{C02H)2N3(NH2) + HgO, m.p. 77® 
with dec., by heating iV-dihydro-tetrazinedicarboxylic acid (see below) 
with cone, potash. It yields a diazo-triazolecarboxylic acid which, on 
heating with alcohol, yields triazole (A. 808, 51; B. 40, 1194). 

Bistriazoles are obtained from cyano-hydrazine and phenyl-hydra- 
zine (B. 26, 2389) with acids or their anhydrides (B. 21, 3063; 
80, 1194): 


C,H5.NH— Nv >N— NHCeH, 

NH,/ 

Cyano-phenyl-hydrazme. 


+ (CH,C0),0 


«0-C-N 


C(CH,)-N N-C(CH,)^ 
Bis-phenyl -methyl* triazolc. 




Bistriazole, (C2H2N3)2, from cyano-hydrazine and formic acid, sub- 
limes above 300®. 

Triazolones, keto-derivatives of dihydro-triazoles, which also react in 
tautomeric form as hydroxy-triazoles (compare pyrazolone above, 
and C. 1897, 11. 269), are formed: 

(i) From acetyl urethane with phenylhydrazines (Andreocci, 
B. 22, R. 737)- 


CHjCO 


NH—COOR 




CH,C 




8C«— Nv 
N=:C(OH)/ 


NC.Hj. 


This reaction recalls the formation of phenylmethylpyrazolone 
from aceto-acetic ester and phenylhydrazine. 
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(2) Isomeric 1,3-triazolones axe formed from acid derivatives of 
phenylsemicarbazide by heating with dilute alkali (B. 29 , 1946; 

81.378): 


* '^\nhconh. 




./C(CH,):N 

=C(OH) 


(3) By the action of sjyw-acidyl-phenyl-hydrazines upon carbaminic 
acid chloride, carbaminic acid derivatives of triazolones, or hydroxy- 
triazolones, are formed, from which the latter are obtained by saponi- 
fication. The reaction fails in benzoylphenylhydrazine, but recurs in 
hexahydrobenzoylphenylhydrazine (B. 36 , 1092) : 


NH CHO 


+ 2NH8C0C1'^ 


N=CH' 


HV N =CH\ 


NH. 


(4) Triazolones are also formed, by condensing aldehydes with 
semicarbazides, in the presence of oxidizing agents, or with phenyl- 
azocarbamides or azodicarbonamide (C. 1898, II. 199; 1900, 1 . 818): 


CeH5NH.NH.CO.NH4- 


CgHeN ; NCONKg + CeHeCHO-^CeHjN 


/NH CO 

\C(CeH5) : N 


In accordance with their formulation as hydroxy triazoles, the triazo- 
lones react mostly as acids; with PgS^ they give triazoles, and with 

PCU chlorotriazoles. . 

I I 

1,3-Triazolone, i.yHydroxytriazole, NH . NH . CO . N : CH or NH . N 

C(OH) . N : CH, m.p. 234°, is obtained from acetone semicarbazone and 
formic acid, as well as from hydroxytriazole carboxylic acid, resulting 
from the action of dilute sulphuric acid upon diazotriazole carboxylic 
acid (B. 31 , 2444). It is an acid. i-Fhenyl-3-triazolone, from phenyl 
semicarbazide and formic acid, sublimes and melts at a very high 
temperature. i-Phenyl-5-triazolone, m.p. 183°, is obtained from 
formylphenylhydrazide with carbaminic acid chloride (see above) or 
from its carboxylic acid (i-phenyl-5-triazolone-3-carboxylic acid), 
generated on oxidizing i-phenyl-3-methyl-5-triazolone, m.p. 167°, 
b.p. above 300° (B. 24 , R. 203). The latter is also obtained 
from aceto-phenylhydrazide with NHg . COCl. C-Phenyltriazolone, 

CgHfiC.N.NH.CO.NH or CgH^C: N.CONH.in, m.p. 322°, is formed 
by heating benzal-semi-carbazone with ferric chloride in alcoholic 
solution (C. 1900, I. 818). 

The urazoles are the diketo-derivatives of tetrahydrotriazole. They 
result on heating urea and its derivatives — e.g,, allophanic ester, biuret, 
etc. — ^with hydrazine salts: 


CO— NHj 
CO— : 


NHg.NH, 


H— CO— NH, 

Biuret. 


CO— NH 
NH— CO 


^NH(+2NH,). 


Urazole. 


TitKKA&,'^,S-Diketotriazolidine, melting at 244°,is obtained 
from hydrazodicarbonamide, NHg.CO.NH.NH.CO.NH, (A. 288 , i6). 
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Urazole is a strong monobasic acid. It yields triazole when distilled 

with P2S5. i-Phenylnrazoley — ^NH — CO — ^NH— io, melting 

at 263®, is formed from urea and phenylhydrazine, from phenyl- 
semicarbazido-carboxylic ester (B. 28 » 829), as well as from 

H,N— C— CONHNHC,H, 
phenylhydrazido-oxalhydroxamic acid, NOH " 

Beckmann's transformation (A. 296 , 136). Methyl iodide converts it 
into dimethylphenylurazole, melting at 95®. Isomeric 4-Phenylarazole, 

CgHgN — CO — NH — ^NH — CO, melting at 203®, is formed by the inter- 
action of hydrazo-dicarbonamide and aniline hydrochloride. 

The urazines, obtsunedby the condensation of hydrazine derivatives 
of carbonic acid, may be regarded as 4(iV)-amino-urazoles (B. 40 , 2093). 

4(iV)-Aminourazole, m.p. 270®, also known 

as diurea or hishydrazidicarbonyl, is formed from hydrazidicarboxylic 
ester and hydrazine hydrate at no®. i-Phenyl-4-aminoiirazoie, 
phenylurazine, C^HgNaHCgOgN . NHg, m.p. 245®, from phenylhydra- 
zido-dicarboxylic ester acid chloride, CgH5N(COCl)NHCOOR, and 
hydrazine; with nitrous acid it yields i-phenylurazole (B. 82 , 455 )- 
i-Phenyl-4-wilidoarazole, Diphenylurazine, CeH^NgHCgOgN . NHCgHg, 
m.p. 264® (see B. 32 , 16). , 

Thio- and imido-derivatives of urazole are obtained from* the 
corresponding thiourea and guanidine derivatives of hydrazine (B. 29 , 
2506; 82 , 1081). 

Thiourazole, NH . CO NH . CS . NH, m.p. 177®, from hydrazo-thio- 
dicarbonamide, NH2CS . NH , NH . CONH2. i -Phenyl-3 - thiourazole, 
m.p. 195® (B. 36 , 3151). i,4-Diphenyl-5-thiourazole, from diphenylthio- 

C H yr CSV 

semicarbazide and COClg, in two desmotropic forms, ® hN— 

CJijN — C(SH). 

unstable, m.p. 139®, and stable, m.p. 220 

(B. 42 , 4763). Dithiourazole, NHXS.NH.CSNH, m.p. 245° with 

I I 

dec., and Iminothiourazole, NH.CS.NH.C(NH)NH, m.p. 222 , are 
formed together by the action of strong hydrochloric acid upon 
hydrazodithiodicarbamide (B. 29 , 2506). i-Phenyl- 3, 5-flithiourazole, 

m.p. 181® (B. 37 , 184). Diiminourazole, Guanazole, NH.C{NH).NH.- 

C(NH).NH, m.p. 206®, from dicyanodiamide and hydrazine (B. 27 , 

R. 583): 


C : N NH, 

/ + NH,NH, 

NH— C=NH 

Dicyanodiamide. 


HN : C— NH- 
HN— C(NHy 

Guanatol. 


:> 


NH. 


4(iV)-Aminogaanaz(de, Guanazine, m.p. 257® with dec., from hydra- 
zine with two mol. cyanogen bromide (C. 1908, 1 . 48). 
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14. FURAZANS .OR FURO-[aaJ.DI AZOLES. 

CH=»lSlv 

The furazans or azoxazoles, furo-\didi.A-diazoles, I yO, corre- 

spond to the osotriazoles. Just as the latter are obtained from the 
osazones, so furazans are produced from the glyoximes or the 
dioximes of o-diketones by the action of alkalies: 

C,H5.C»N0H C«H,C«N0 

c^,.(!; = noh ^ C.H (!;=n^) ^ c»h,— 

Benzil dioxime. Diphenylglyoxime peroxide. Diphenylfurazan. 


As we observed in connection with the isoxazoles, those furazan 
derivatives in which the H-atoms of both methine groups are sub- 
stituted are stable bodies. If one of the groups is free, a rearrangement 
into nitriles of a-ketonic acid oximes may readily take place. The 
alkyl furazans can be oxidized to furazan carboxylic acids. 

Phenylforazan, C2H(CgH5)N20, melting at 30®, is very volatile. 
It is formed when soda acts upon phenylglyoxime diacetate. Sodium 
hydroxide converts it readily into the oxime of benzoyl cyanide, 




HC«N^ 


(B. 24 , 3503). 


It is stable towards 


acid^. Dimethylfurazan, C2(CIl3)2N20, melting at -7° and boiling 
at 156®, results when dimethyl glyoxime is heated with ammonia to 
160® - 170®. Methylethylfurazan, C2(CH3)(C2H5)N20, boiling at 
170®, is similarly obtained from methylethylglyoxime. Diphenyl 
furazan, €2(03115) 2N2O, melting at 94®, rearranges itself by prolonged 
heating into isomeric dibenzenylazoxime (see below) (A. 264 , 180). 
DibenzoyUorazan, 02(0003X15)2^120, melting at 118®, is prepared 
from dibenzoylfuroxan (B. 26 , 529). 

Furazancarboxylic Acid, 02H(0OOH)N2O, melting at 107®, by 
oxidation of furazylpropionic acid, the anhydride of dioximinovaleric 
acid (I. 546). Methylfurazancarboxylic acid, 02(0H3)(0OOH)N2O- 
( + H2O), melting at 74® (39®), and Furazandicarboxylic acid, 
02(OOOXI)N20, melting at 178® with decomposition, are formed 
when potassium permanganate acts upon dimethylfurazan. The 
dicaxboxylic, like the monocarboxylic acid, is easily converted by 
boiling water into cyanimidoacetic acid. 

Oonsult B. 28, 723, for oxyturazan carboxylic acid. 

Benzo-, naph&o-, phenanthro-furazans, etc., have been prepared 
from the o-dioximes of the benzene, naphthalene, and phenanthrene 
series (see also B. 29 , R. 790). 

The compounds formerly known as ^yoxime peroxides ** must, 
according to later investigations, be regarded as 5W^?oxy-dihydro-furo- 
[^^il-diazoles or furoxans (Wieland, A. 358 , 36; 867 , 52, 80; 875 , 297). 
They are formed: 


(i) By the polymerization of nitrile oxide: 
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The intermediate formation of nitrile oxides also accounts for the 
formation of furoxans from hydroxamic acid chlorides and nitrolic 
acids. 

(2) By the oxidation of aldoximes and gly oximes with NO2 in ether 
solution (B. 289 3496) : 


2 Celifin : NOH 


C9H5X C— CbH, 

■> II ll\ <■ 
N.O.N-O 


C.H. 




NOH NOH 


(3) From the mono-molecular ^s^wrfo-nitrosites (nitrites) of many 
propenylbenzenes on boiling with alcohol or water (A. 829 , 238) : 


CH,OCeH,.C CH.CH, ^h,0 ^ 

NOH NOj 


CHjOCeH^. 



N.O.N-O 


By reduction with HI or Sn and HCl, or by treating with PCI5, the 
furoxans can be reduced to the corresponding furazans. As in the 
case of the furazans, the disubstituted furoxans are stable com- 
pounds, while the mono-substituted ones are easily split up by alkalies. 
The first product consists of hydroxyfurazans, which are then split 
up to form the oximes of a-ketone hydroxamic acid : 


C«H, 


C9H5 .C C— OH CeH^ .C C— OH 

.. .. — ^ 

N.O.N NOH NOH . 


Dimethylturoxan, (CH3)2C2N202, b.p. 220°. Phenylfuroxan, 

CgHgCgHNgOg, m.p. 95°, from phenylglyoxime with NOg, is split up 
by ikali to form phenyl-hydrozyjhirazan, m.p. in® with dec., and 
then isonitrosophenylacetohydroxamic acid (see above). On boiling 
with water it decomposes into formohydroxamic acid and benzo- 
nitrile oxide, which immediately polymerizes to diphenylfurozan. 
The latter is also formed from benzaldoxime and benzil-dioxime, or by 
the spontaneous decomposition of benzonitrilic acid. Dibenzoyl- 
furozan is formed by the action of nitric acid upon acetophenone. 
With amines there occurs a primary disintegration with subsequent 
closing of the ring, and rejection of a benzoyl group. This yields strongly 
coloured nitroso-isoxazoles (formerly called «o-triazoxoles), and these, 
on boiling with alcohol or glacial acetic acid, form colourless azoximes: 

CeHjCO.C C^COCeH, ch^nh, C9H5.C : C(NO).C.NHCeH5 CeH^CO.CNrC.NHCeHj 

n.o.n\) O N— b 


DioUoro,- dibroma-9 and di-iodo-forozans, liquid, m.p. 50® and 91® 

respectively, are formed by the action of halogens upon fulminate of 
mercury (B. 42 , 4192). 

Fi^zamnonocarbozylic acid, (C00H)C2HN202, m.p. 90® with 
dec., is split up, on merely standing in water, to fsonitroso-malone- 
hydroxamic acid. It is formed by saponification and rejection of COg 
from faro^dicarbozylic acid ethyl ester, (C02C2H5)2C2N202, b.p.ig 
164®, obtained by the action of fuming nitric acid upon aceto-acetic 
ester with intermediate formation of acetic ester nitrolic acid, COgRC- 
(NOg) : (NOH), or from chloroximido-acetic ester by treating with 
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sodium carbonate. Furoxandicarbozylic add amide* m.p. 218'’ with 
dec., is closely related to fuhninuric acid, CNCH(N02)C0NH2 (Vol. I.), 
from which it results by the action of concentrated H2SO4, and into 
which it can be partly converted by boiling in water (A. 867 , 80). 


15. AZOXIMES OR FURO[abi]DIAZOLES. 


The azoximes, furo\dLyh-^diazoles, 


CH=Nv 

i /O. correspond to the 
N—CH^ ^ 


tris^oles or pyrro[^i6i]diazoles, and just as they are obtained from the 
amidrazones, so the azoximes are prepared: 

I. From amidoximes and carboxylic acids (their chlorides or anhy- 
drides) : 


CH8.C=N0H 


NH, 

Aoetamidoxime. 


CH,.C=N 

+ CeHjCOOH > I >0 

N=C.C8H5 

Ethenylbenzenyl azoxime. 


The amidoximes combine with the aldehydes of the fatt)^ series to 
form hydrazoximes, which part readily with hydrogen, and become 
azoximes. COClg and CSCI2 form carbonylazoximes (furo[a6i]dicLZolones) 
and azoximthiocarbinols (B. 19 , 1487; 22 , 2422; 28 , 2231). 

2. Azoximes are also prepared by Beckmann's transformation 
from glyoximes or furazans (B. 27 , R. 800) : 


CeH8.C=NOH 

c,H5.(!;=noh 

Benzile dioxime. 


CeHs— C = NOH CeH^C = N 

.> I > I >0 . 

NH—CO .CeHj N = C .CeHj 

Dibenzyl azoxime. 


Oiethenyl azoxime, C2(CH3)2N20 (B. 17 , 2755), is a very volatile 
body. Ethenyl benzenyl azomme, C2(CH3)(CeH5)N20, melts at 41°. 
Dibenzenyl azoxime, C2(C3H5)2N20, melting at 108° and boiling at 290®, 
also results when hydroxylamine acts upon benzoyl benzimide chloride 
(A. 296 , 284); from the oxidation of benzaldoxime with sodium 
hypochlorite; and by reduction from dibenzenyl 0x0 -azoxime, 
N-Q.C-^C^H* 

n ^ obtained by spontaneous decomposition 

^ 6 ^ 6 * ^ N O 


of benzohydroxamic acid chloride, and by the action of ale. HCl upon 
tribenzo-nitrile oxide (B. 42 , 806). 


.N= 


-C— C- 


-N 


\ 


O, melts at 


Oxalenebisazoximethenyl, 0 / , , 

^CfCH.) = N N = C(CHa)^ 

165® (B. 22 , 2949). 

Benzenyl Carbonyl Azoxime, melting at 198°, and 

C4H4C == N 

Benzenylazoxime-thiocarbinol, 1 >0. melting at 131®, are 

produced from benzenylamidoxime by means of COCl, and CSCl,. 


N=CH. 

16. OXYDIAZOLES OR FURO-[bbil-DIAZOLES: . ^O. 

n=ch/ 

Derivatives of the hypothetical oxydiazole or furo-[66i]-diazole are 
obtained from syw-diacidyl hydrazines on heating alone or with dehy- 
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drating agents, as in the formation of furans from 1,4-diketones 
(B. 82 , 797; J, pr. Ch. [2], 68, 130): 

NHCOC.H, N=C(C,H.)\ 

NHCOCjH, N=C(C,H,)/ 

Dimethyl-oisydiazole, Dimethylfuro-^hh^diazole, N2(CCH3)80, b.p. 
179°, is obtained from diacetohydrazide and acetic anhycfiide or 
by heating tetracetylhydrazine; alkalies and acids decompose it more 
easily than the aromatic derivatives. DiethyU, Dipiopyl-, Ditsopropyl-, 
Du5obatyl-faro-[bbi]-dia2ole, b.p. 198®, 227®, 209®, 232®; Didecyl- and 
Dipentadecyl-fnio-ibbil-diazole, mj>. 54®, b.p... 275°, and m.p. 72®, 
b.p.15 215° (J. pr. Ch. [2], 69 , 481^. 

Diphenyl-oxydiazole, Diphenylfuro-^bh-^-diazole, Dibenzylisazoxime, 
m.p. 138®, b.p.y 231®, forms with AgNOg a rather insoluble double 
compound. It is formed (i) by heating dibenzo-hydrazide (see above). 

(2) From silver benzal-benzo-hydrazide and iodine (J. pr. Ch. [2], 
70 , 414). 

(3) From dibenzenylhydrazidine with NgOj (A. 297 , 264) ; 

N=C(C.H.)NH, N.O. N=C(C,H.)\^ 

N=C(C.H,)NH, ^N=C(C,H,)/ ’ 

(4) Like the isomeric dibenzenyl azoxime and diphenyl furazan 
(see below) from benzil dioxime; 

C,H,C:NOH pa. _ N=C(C,H,)C1 NO,Ag N=C(C,H.)\ 

C,H,C : NOH N=C(C,H,)C1 N=C{C,H,)/ 

Dimethyl- and diphenyl-budaro-[bbi>diazole, m.p. 212® and 270®, 
have been obtained by heating diacetyl- and dibenzoyl-oxal-hydrazide 
with PjOj ( J. pr. Ch. [2], 70 , 427) : 

NH— KH NH— NH N— N N— N 

CH.CO CO— CO COCH, ^ CH.C.O .C— C.O.CCH, 

The Keto-, thio-, or imino-oxydiazolines are derivatives of dihydro- 
oxydiazole or oxydiazoUne. They are produced from carboxylic and 
urea derivatives of phenylhydrazine, naphthylhydrazine, etc., through 
the action of phosgene, COClj, thiophosgene, CSClg, and phenyl 
fsocyanide chloride, CCl^ : NCgHj (B. 28 , 2843; 24 , 4178; 26 , 
2870) : 


(1) C,H,.NH 

I +COC1, 

NH.CO.CH, 

Acetylphenylhydrazine. 

(2) C10H7NH 

I +CSC1, 

NH.CO.NHg 

Naphthylsemicarbazide. 


CoHjN—CO — . 

-> I >0. 


N=C(CH,K 

AT-Phenyl methyloxydiazolone, m.p. 280°. 


CjoHyN— CS 

ij=C(NH,)'^°‘ 


> 

A^*Naphthylaininothio>okydiaTOllne, m.p. ax 8^. 


(3) C,H,.NH C,H,N— C : (NC,H,)v 

1 +CC1,:N.C,H,-^ 1 '>0. 

NH.CHO N=CH / 

Fonnylplienylhydrazixio. ®»P* 99 
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Finally, phenyl-carbazinic acid esters, C.HjNHNH.COOR, and 
phenyl thiocarbazinic acid esters, CjHjNHNH.COSR, treated with 
COCljj, give alkoxy- and alkylthioloxydiazolones (J. pr. Ch. [2], 
60 , 38). 

For dihydro-furo-diazoles, see also J. pr. Ch. [2], 67 , 417. 

a CH— o . 

17. FURO-[AB]-DIAZOLE, || \n. 

/3CH— N/ 

17. The ring of furodiazole is also found in the diazo-anhydrides 
formed by treating amino- /?-diketo-compounds with nitrous acid: 

R.CO ^ R.COHNOH ^ RC.O.N 

R'CO.CHNH, ^R'CO.C N ^R'CO.C N 

On a different formulation of the diazo-anhydrides, see B. 42 , 2347; 

A. 873 , 339. 

Diazo-acetyl-acetone-aohydiide, a~M ethyl- p-acetylfuro-\ah}-diazole, 
Oil ; Diazo-benzoyl-acetone-anhydride, a-M ethyl- p-benzoylf uro-[a.h]- 
diazole, m.p. 66°; Diazo-acetic add ester anhydride, a-Methylfuro-\^y 
diazolecarboxylic ester, b.p.^^ 102° to 104° {cf. Vol. I.) ; Diazo-tetronic 

add anhydride, m.p. 93°. 

The furo-[a6]-diazoles are less stable than the corresponding thio- 
and pyrro-diazoles. Alkalies split them up with partial formation of 
diazo-bodies of the type of diazo-methane (diazo-acetic acid, diazo- 
acetophenone). On boiling with water they undergo separation of 
Ng and partial transposition. With NH3, amines, phenylhydrazine, 
and hydroxylamine, they undergo intermediate ring divisioil and 
yield pyrro-[a6]-diazoles, and, with HoS, thio-[a&]-diazoles (A. 826 y 129; 

B. 36 , 3612) : 

CHaC— NR\ ^ CH,C— 0 \ H,S ^ CHjC— S\ 

CH3COC — cHsCoc— CH3COC— 


CH=Nv 

18. THIO-[ABi>DIAZOLES, 1 >S, 

N=CH/ 

These compounds (azosulphimes), result from the action of carbon 
disulphide upon amidoximes (B. 24 , 388): 


C,H,C = N.OH 
JiH, 

Benzenyl amidoxime. 


+ cs, 


C.H.C^N- 


N=C(SHy 

Benzenylaxosulpbime sulphydrate, 
m.p. 162®. 


Azosulphime anilides are formed when phenyl mustard oil is used. 
, ... C.H3C = N— 


DibenzenylaZOSnlphime, 1 resuiis irum 

. . -. R— C(C,H,) 

of iodine or persulphate upon thio-benzamide (B. 25 , 1586; J. pr. 
Ch. [2], 69 , 44). 

Dibenzenylazoseleiiime, h seleno- 

benzamide with iodine (B. 87 , 2551). 


>S, results from the action 
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19 - THIO-[BB,]-DIAZOLE, 

n=ch/ 

4 5 

Derivatives of thiodiazole are obtained similarly to the furo- and 
P 37 rrodiazoles from syw-diacidylhydrazines by heating with P2S5 
(B. 82 , 797; J. pr. Ch. [2], 68, 130) : 

NH-COCH, N=C(CH,)V . 

NH— COCH, (CH,)/ ' 

Dimefbylthio-[bbi]-diazole, m.p. 64°, b.p. 203°; dipheiiylthi<^[bbi]- 
diazole,m.p. 142®, b.p.j, 259®, from diaceto- and dibenzo-hydrazide; for 
homologues, see J. pr. Ch. [2], 69 , 158, 381, 481, etc. 

DimethyI-andDiphenyl-bisthio-[bbi]-diazole,RC<^^^c.c<^^c.R, 

tn.p. 238® and 252®, from diacetyl- and dibenzoyloxalhydrazide with 
P2S5 (J. pr. Ch. [2], 70 , 429). 

Dimethyl- and Diphenyl-seleno-[bbi]-diazole, m.p. 77® and 156®, 
[rom diaceto- and dibenzo-hydrazide by heating with phosphorus 
penta-selenide (J. pr. Ch. [2], 69 , 509). 

The thiodiazolines are derivatives of dihydrO‘thio\hh{\diazole, They 
result (i) from the action of aldehydes upon phenyl thiocarbazinic 
SLcid (Vol. II.), or, better, their ethers (B. 28 , 2635) : 


I +CH2O. 

HN—CSSH 

Phcnylthiocarbazioic acid. 


> I /S. 

N = C(SH)^ 

3-Phenylthiodi azoline sulphydrate, m.p. 112°, 


(2) By reduction of dithiodiazoline sulphohydrates (J. pr. Ch. [2], 
50 , 28; 67 , 246). 

The thiodiazoline sulphydrates formed in this manner are very acid. 
Fhey are stable towards acids. Aqueous alkalies decompose them. 
They oxidize quite easily to disulphides. See (B. 29 , 2127) for the 
rearrangement of the latter. 

Amino-derivatives of the thiodiazolines are prepared from the 
thiosemicarbazides with aldehydes (B. 30 , 849) : 


C,H,NH 

I /SH +OCH.C,H,- 
N-C(NHCeH.) 
Diphenylthiosemicarbazide. 


CeH,N— CH(C,H,) 




N=C(NHC,H,)'" 
Anilinopbenylthiodiazoline, m.p. i 6 o^. 


Analogously, the oxidation of benzal thio-semicarbazone produces 
aminophenylthio-[a 5 ]-diazole, and wwsyw.-benzal-aS-diphenylsemi- 
[:arbazone gives diphenylthiodiazoline-anil (B. 84 , 324) : 


Csr=CHCeH, oN=C(CeH,)\ N=CHCeH, N=C(C,H,)— v ^ 

ISr=C(NH,)SH'^ N=: C(NH,)/^* C,H,N— C(NCeH,)SH"^ C,H,N~-C(NC,H,) 

(i) Iminothiodiazolines, (2) ketothiodiazolines ox pseudo-thiodiazolones, 
ind (3) dithiodiazolines are made by the action of carboxylic acids, 
0OCI2 and CS2, upon thiourea- and dithio-carbamic acid derivatives 
Df the hydrazines ( 24 , 4190; 27 , 613, 2512; 29 , 2483): 


(I) NH, 

NH--CSNHC,H. 

Pbenylthiosemicarbazios. 


HCOOH- 


n==ch- 




^iIh— C(;NC.H,)'^ 
PbenyltminotbiodUuEoljne. in.p. 
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I I . ^ . 

Iminothiodiassoline, S.C(NH).NH.N : CH, melting at 191 , is 
ibtained from formylthiosemicarbazide (B. 29, 2511). It is remarkable 
hat the acidylthiosemicarbazides, when deprived of water by acetyl 
hloride, yield thiodiazolines, but when heated above their melting- 
oint, mercaptotriazoles result: 

(2) C10H7NH C10H7N--CO V 

I + cocia > 1 >s. 

NH— CS .NH, N =C(NH,K 

N aphthyl thiosemic arbazide. iV-N aphthylamido- thiodia zolone, 

in.p. 250°. 


(3) C,H,N C,H,N— CS , 

j +CS, — > I X 

NH~CSSH N=C(SHK 

JV-Phenyldithiodiazoline suiphy<kate, 
m.p. 91°, 

The simplest dithiodiazoline sulphydrate, obtained from hydrazine 
ind carbon bisulphide with ale. potash, is probably thio-ObbJ-diazole 

[ithiol, m.p. 168"^ with dfec. Oxidized with KMn04, 

In =C(Srl)' 

t yields thio^azole-disulphonic acid, N2C2(S03H)2S. 

By oxidation with iodine the thiodiazole-sulphydrates yield disul- 
Dhides of the type “ Diaz.— S — S — diaz.** These are split up by am- 
nonia and amines in a peculiar manner, forming the so-called hydro- 
>ulphamines, diaz.SNHg, derived from a thio-hydroxylamine, HS.NHg. 
The aromatic hydro-sulphamines, diaz.SNHCgHg, transpose into p- 
unino-phenyl-thiols, NH2X8H4.biaz. Concerning this and other 
transformations of thiodiazolines, see J. pr. Ch. [2], 60, 25; 61, 330. 


20. THIO-[AB]-DlAZOLES 


O) 4 5 («) 


CH=CH\s. 
* N=N 


3 2 

These compounds are formed from the furo-[a&]-diazoles or diazo- 
anhydrides by the action of SHg in the presence of alkali, which first 
splits the furo-diazole ring; 


RC=CR"' RC=CR'/ 


They are feebly basic and stable towards acids. Alkalies or reducing 
agents decompose them with formation of SH^. With HgCl^ they give 
crystalline compounds. They also combine with methyl io^de. 

Thio-[ab>diazole, b.p. 137®, Do 1,32, a-MethyD and 

a-Phen7lthio-[ab]-diazole, b.p. 184°, m.p. 53°, result from their car- 
boxylic acids. o-Methyl- and a-phenyl-thiodiazoleoarbozylio ester, 
ro.p. 35° and 42°, from diazo-aceto-acetic ester and diazo-benzoyl 
acetic ester anhydride with SHj. The a-methyl-thio-[a6]-diazolecar- 
boxylic acid is oxidized by permanganate to thio-[ab]*diazoledioar- 
bozylio acid, which on melting gives in the first instance thio-[ab]« 
diazd-^-oarbozylio acid. a-Me&yl-/3-acetylthio-[ab>d^ble, an oil, 
is formed from diazoacetyl acetone anhydride. a^henyl-j3-acetyl- 
and a-methyl-/3-beiiao7lthio-[ab]-diazole, m.p. 70° and 43°, are formed 
together from diazobenzoyl acetone anhydride (A. 325, 169; 888, 1). 
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Another derivative of the thio-[a6]-diazoles is the addition product 
of phenyl mustard oil with diazomethane (B. 29 , 2588) : 


CeH^NCS + CH JSr, 


CH = C(NHCoH,)\ 

^ ]sr==N / 

Aiulino-thio-[a6J-diazole, m.p. 17a® with dec. 


The phenylene diazosnlphides are ft^n^o-derivatives of thio[a6]- 
diazole. They correspond to the diazo-oxides and azoimides. They 
are produced when nitrous acid acts upon o-aminothiophenols: 


CH = CH-CNH, 

I II 

CH=CH-~CSH 

o-Amino-thiophenol. 


+ N, 0 , 


CH = CH— C— N. 

II V- 

H=CH— C— S/ 

Phenylene diazosulphide. 



The tiiazosulphides are more stable than the diazo-oxides. They 
resemble the azoimides more particularly, as they only give up their 
nitrogen at higher temperatures, and then without deflagration. In 

doing this they 3deld diphenylene disulphides, The 

diazosulphides are feeble bases, and take up alkyl iodides (A. 277 , 214). 

Phenylene diazosnlphide, melts at 35® and boils at 129° 

(10 mm.). Cnmylene diazosnlphide, CgH(CH3)3N3S, melts at 85®. 


3 2 

CH=Nv X 

31 . THIO-[AA]-DIAZOLE, | >S. 

6 h=n/ 

4 5 

The benzo-derivatives of this thiodiazole (piazothioles) are formed 
upon treatingtheo-phenylenediamineswithsulphurous acid(B. 22,2895) : 

CH = CH— C— NH, CH = CH— C— Nv 

1 II +SO, > \ II |>S. 

CH = CH—C— NH, CH = CH— C— 

o-Phenylenediamine. Piazothiole, m.p. 44®, b.p. 206®. 

The piazothioles are feebly basic bodies, which are very stable 

towards oxidants. The o-diamines result from their reduction. 

The piaselenoles correspond to the piazothiols. They are similarly 
formed from o-diamines and selenious acid. In their stability they 
resemble the piazothioles. 

Piaselenole,C4H4<^j^ySe, melts at 76®. 

Tolnpiaselenole,C7H3(N2Se), melts at 73® and boils at 267®. 


N=CHv 

22. THIO-[ABBi>TRI AZOLES | >S. 

A series of compounds may be referred to this ring {thiotriazoles 
or tfiazosulpholes). They result from the action of nitrous acid upon 
thiosemicarbazide and ikyl thiosemicarbazides, whereas phenylthio- 
semicarbazide pelds a tetrazole compound (B. 29 , 2491) : 

.N— NH, >N— N 

CH,.NH.C< +NOOH >CH,.NH.C< )| 

^SH ^S— N 

The aminotriazosulpholes formed in this manner decompose, when 
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boiled with water, into sulphur, nitrogen, and cyanamides, while with 
concentrated hydrocUoric acid they 3deld nitrogen and thiocyanamides: 

Metbylamino-, ethylamino-, and allylamino-triazosulpholes melt at 
96®, 67®, and 54®. Amino-triazosulphole, from thiosemicarbazide and 
N2O3, deflagrates at 129®. 


23. TETRAZOLES. 

(/3) (a) 

Pyrro-[aaib]- and -[abbil-triazols,. and 

— ^These two possible isomeric groups of pyrro-triazoles are comprised 
under the name Tetrazoles; as in the case of the triazoles, the syntheses 
of the tetrazolesdonot always offer a sure indication of their constitution 
(B. 29 » 1846). An iV-phenyl-p5m:o-[aai6]- triazole and an iV-phenyl- 
pyrro-[^j;66i]-triazole are known with certainty, but, on eliminating the 
phenyl groups by oxidation, these yield the same tetrazole: 

CH=N. CH— Nv ' CH=K 

I >N >\ H I >NCeH,. 

CeHjN N 

Tetrazoles are formed: (i) By the condensation of azoimide with 
prussic acid and its derivatives, like fulminic acid, isonitriles, 
cyanogen bromide, and cyano-f ormic ester, probably with intermediate 
formation of imidazides and hydroximic acid azides (B. 43 , 2219; 
C. 1910, I. 1794; 1911, I. 662, 1297): 



II. C= NOH + hn/^ 

\n 





.N- 


-N 


•N(OH) . N 


(2) The primary formation of imidazides is also the base of the 
formation of tetrazoles by the transposition of imido-chlorides and 
similar compoimds with sodium azide (C. 1909, I. 1316; B. 42 , 

3359): 

.Cl 


C.H.C 


/'■ 

\ 


NaN, 








y 


N- 


-N 


\ 


'N{C.H.).N 


In amino-carbimide-azide, NH2C( : NH)N3 (from amino-guanidine 
and nitrous acid), the easy transition into amino- tetrazole has been 
observed directly (A. 814 , 339). 

(3) the action of nitrous acid upon hydrazidines (amidrazones) — 
e.g,, benzenylhydrazine (B. 27 , 995), dicyanophenylhydrazine (Bladin, 
B. 19 , 2598), amino-guanidine (A. 278 , 144). This is similar to the 
formation of triazoles from the same compoimds with carboxylic 
acids: 


CN.C=N— NHCeH, 

1 + N>03- 

NH, 

Dicyanphenylhydrazine. 


CN.C=Nv 

-> 1 >N.C,H,. 

N=N/ 

iV-Pheiiyl-3-oyantetra«oIo. 
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A tetrazole derivative which might be derived from pyrro[aWi]- 
triazole is produced in the action of HNO* upon phenylthiosemicar- 
bazide (B. 28 , 74) : 


S : C— NH— NH, 

I + HNO,- 

NHC,H, 

Phenylthiosemicarbazide. 


HS ; C— NHv 

> 1 >N. 

^«Phenyl-pyrro-[aWi]-triazol-meicaptan. 


(4) With nitrous acid the amidines yield dioxytetrazotic acids. 
These, on reduction, become oxs^tetrazotic and tetreizotic acids. The 
latter are identical with the tetrazoles which are formed by the first 
method (A. 268 , loi; B. 27 , 994): 


C,H,.C=NH N.O. C,H,.C=N.NO 

1 I (?) 

NH, N=N.OH 

fienzenyl amidine. Dioxytetrazotic acid* 


H 


CeH5C = N. 

Benzenyl tetrazotic acid, 
Phenyl tetrazole. 


(5) By the condensation of phenylazoimide with aldehyde phenyl- 
hydrazones by means of Na alcoholate in alcoholic solution, aniline 
being evolved (B. 4 f 8 , 2899) : 


CHaCHrN.NHCeHg 
+ N=N.N CeHa 


CHs.CiN.NjHiC^Hj 

N:NiNHCiH^ 


-CftHgNH, CH,C : N' 


N 


:Nv 

;N/ 


NCgHj. 


This synthesis is a parallel to the formation of osotriazoles from 
osazones. 

(6) From the diazo-hydrazides obtained by the reaction of 
mono- and diacyl-hydrazines with diazonium salts, under the action of 
alkalies: 


NH, 

NH.COCH, 


+ CgHjNjCl 


-> 


NH .N: NCeHj N ; N \ 

. ® ® ^ , >NC H 

NH.COCH, N:C(CH,)/ * ‘ 


(7) Finally, the tetrazoles are prepared by oxidizing suitable tetra- 
zolium compoxmds, the oxidation products of formaizyl derivatives 
(see below). 

Behaviour . — The tetrazole ring, composed of four N-atoms and one 
C-atom, shows in general equal stability with azoles, containing less 
nitrogen. Thus, the iV-phenylated derivatives, just as with the 
P5rrazoles and the triazoles, can be converted by nitration into nitro- 
phenyltetrazoles, and the amino-bodies from these may be oxidized to 
tetrazoles. The feebly basic character of pyrrole becomes in tetrazole a 
strong acid, due to the influence of the N-atoms. After comparing 
P3nTole in many respects with phenol, tetrazole may be arranged side 
by side with trinitrophenol. The silver and copper salts deflagrate 
violently on heating. 

Tetrazcfle, CN4H2 (for constitution, see above), m.p. 156®, capable 
of sublimation, is obtained (i) from hydronitric acid and prussic acid; 
(2) by treating diazo-tetrazole with alcohol (A. 287 , 243) ; (3) by oxidizing 
tetrazole mercaptan with nitric acid; (4) by oxidizing iV-amino-phenyl- 
pyrro-[aai&]-triazole (B. 25 , 1412), or JV-amino-phenyl-pyrro-[a66i]- 
triazole (B. 84 , 3120); (5) by oxidizing di-^-oxyphenyl tetrazolium 
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betaine; finally (6) by oxidizing the so-called naphtho-tetrazole, a com- 
bined quinoline-tetrazolering{B, 38t 1890). Sodiumsalt, CN4HNa + HgO, 
barium salt, (CN4H)2Ba + siHjO. Heating with cone. HCl decomposes 
tetrazole into CO2, Ng, and 2NH3. 

O-Phenyl-tetnusole, benzenyUtetrazolic acid, C(C 3 H 5 )N 4 H, decom- 
poses on careful heating to 218°, forming diphenyltriazole and diphenyl- 
tetrazine (A. 298, 96). It is obtained from benzenyl-dioxytetrazolic 
acid or from benzenyl-hydrazidine. Similar processes yield C-tolyl-, 
C-Iuryl-, and C-anisyl-tetrazole from the corresponding hydrazidines 
or amidines (B. 28, 465; A. 298, 105). iV-MetlW- and iV-ethyl-pyrro- 
[abbil-triazole, m.p. 37° and b.p.14 156°, from the fsonitriles and hydro- 

I I 

nitric acid. iV-Phenylpyrro-[aaib>triazole, C^Hg . N . N : CH . N : N, Oil, 


from its carboxylic acid. iV-Phenylpsrrro-Labbil-triazole, C^Hg . N . CH :- 

N.N: N, m.p. 66®, from phenyl isocyanide and N3H, from diformyl- 
hydrazine and diazo-benzene chloride in alkaline solution, and from its 
mercaptan, by oxidizing it with chromic acid (B. 84 , 3120). iV-Phenyl- 

a-methylpyrro-[abbi]-triazole, CgHgN . C(CH3) :N . N : N, m.p. 97*5®, from 
acetyl- and diacetylhydrazine by method 6. iV-Pheiiyl-)?-methylpyrro- 

[aaib]-triazole, CgHg.N.N: C{CH3).N: N, m.p. 40®, by method 5. 

j 1 

Ar,a-Diphenylpyrro-[abbi]-triazole, CgHgN.ClCgHg) : N.N : N, m.p. 146®, 
is formed by transposing benzanilide-imide chloride with sodium azide; 
from benzo-hydrazide and diazobenzene chloride by method 6, and from 
the transposition product of benzophenone chloride with sochum' azide 
by an atomic displacement recalling Beckmann's transformation (B. 48, 

1 I 

3359 )* A^,i 5 -Diphenyl-pyrro-[aaib]-triazole, CgHgN.N : C(CgH5).N : N, 
m.p. 107°, is obtained from benzaldehyde phenylhydrazone and 
CgHgNg,- by oxidation of ^ - hydroxyphenyl - diphenyl - tetrazolium 
hydroxide with KMn04; ^nd from the so-called guanazyl-benzene, 
by oxidation with NgOg or nitric acid (B. 80, 

449). It is distinguished by great stability (B. 29, 1854). 

Bis-tetrazole, (?), results from the addition product of 

cyanogen and hydrazine with NgOg (B. 26, R. 891). 

C-Bromo-tetra2sole, BrC2HN4, m.p. 148®, from cyanogen bromide 
and azoimide. 

C-Amino-tetrazole, amino-tetrazotic acid, C(NH2)N4H, m.p. 203®, 
results from diazo-guanidine nitrate with nitrous acid, with intermediate 
formation of amido-carbimide azide, and ;^elds diazo-tetrazole on 
further action of nitrous acid. Diazo-tetrazole explodes in cone, aqueous 
solution even at o®, and probably has the following constitution: 

(compare diazo-indazoles< etc.); with metallic oxides, 

stable salts are formed of the type C{N : N.OMe)N4Me. A reduction 
of the diazo-tetrazole produces tetrazyl-hydrazine, C(NHNH2)N4H, m.p. 
199® with dec. The latter is decomposed by nitrous acid into tetrazyl 

VOL. III. L 
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azoimide, C(N3)N4H, a beautifully crystalline but exceedingly explosive 
substance (A. 287 , 238). Oxidation of amino- tetrazole in strongly 
alkaline solutions with KMn04 produces salts of azo-tetrazole, (HN4C)- 
N : N(CN4H), which is vfery unstable in the free condition, and is 
converted by mineral acids into tetrazyl-hydrazine, nitrogen, and 
formic acid, and by reduction with Mg powder into hydrazo-totrazole, 
{HN4C)NH(CN4H), a white powder exploding on heating. 

On treating solutions of hydrazo-tetrazole or azo-tetrazole with 
bromine, nitrogen is evolved, and the first result is dibromo-tormal* 
tetrazyl-hydrazone (i), m.p. 177®, and then iso-cyano-tetra-bromide 
(2), m.p. 42® (see Vol. I. and A. 808 , 57) : 

(HN4C)N : NCCN^H) - (HN^qNH . N : CBr, ■ Br^C : N . N : CBr,. 

C-Anilino-iV-phenyltetrazole, C3H5NH.CN4.CeH5, m.p. 163®, and 
its homologues are obtained from the amido-diaryl guanidins with 
N2O3 (B. 88, 1061). 

iV-Hyditaypyrro^ from fulminic acid and N3H, de- 

composes with deflagration at 145®. a-Phenyl-iV-hydroxyp3nTo-[abbi]- 
triazole, m.p. 121® with dec., is formed from benzo-hydroximic acid 
chloride and sodium azide, as weU as from benzo-hydrazide oxime 
with nitrous acid, probably with intermediate formation of the un- 
stable benzo-hydroximic acid azide. iV-Phenyl-a-hydroxypyrro-[abbi]- 


triazole, CeH5N.C(OH): N.N: N, m.p. 187®, from hydrazodicarboxylic 
ester by method 6. 

C-£is«N-liydn>xyt6trazoIe explodes very violently at 176® and on 
rubbing; it is formed from oxalhydrazide oxime and nitrous acid 
(B. 42 , 4201) : 

HON\^_^/NOH N«0> ^ N.N(OH)v^__^yN(OH).N 

nHjNh/^ \nhnh, n isr 


Tetrazole-C«carbozylio ethyl ester, (C02C2H5)CN4H, m.p. 86®, from 
cyano-formic acid ester and N3H, yields tetrazole on saponification. 

] 

iV-Phenyl*pyrro-[aaib]-triazole«i?-oarboxylic acid, CeHgN.NrC- 

(COOH).N: N, m.p. 138°, is formed by saponifpng iV-phenyl-cyano- 
tetrazole; or from glyoxylic acid phenyl hydrazone by method 5; and 
by a peculiar atomic displacement from the iV-phenylbenzoyloximino- 
pyrro-[a&]-diazolone on treating vdth cold NaHO (B. 41 , 4053) : 


: NO.COCeH. 


->Ce 


‘ * \n=c. 


CO,H 


+ C,H,CO*H. 


Tetrasyl mercaptan, HS,CN4H, m.p. 205® with dec., results from 
its methyl ether, CH3S.CN4H, m.p. 151® with dec., by heating 
with HI. This ether is obtained from methyl-thio-semicarbazide, 

with N^Og. The mercaptan on oxidation with HNOg 

3nelds tetrazole, but with KMn04 tetrazole solphonio acid,C(SOgH)N4H, 
which 3delds C-oxy-tetrazole, C(OH)N4H, m.p. 254®, on fusion with 
potash (B. 84 , 3110). 
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J^^-Ph6nyl-a»iUoietrazo C — ^NH — N »N — N.CeHg (?), melting 

with decomposition at I42°-I45°, is formed from phenylthio- 
semicarbazide when acted upon with nitrous acid. Digestion with 
caustic soda converts it into isomeric phenyltetrazyl mercaptan, 

HS.C=N — ^N=N — ^N.C^Hg, melting at 150°. Both compounds 
5deld the same silver salt, which methyl iodide converts into 
Y^-phenyltetrazyl methyl sulphide. Potassium permanganate produces 
i\r-phenyltetrazole sulphonic acid, C(S03H)N C3H5, which, upon heat- 
ing with hydrochloric acid, splits off the sulpho-group and becomes 

( I 

T-phenyl-S-l^ydroxytetrazole, OH . C = N — N = N — NCgH^, melting at 186®. 

Tetrazolium compounds are those which result from the oxidation 
of formazyl bodies in a manner similar to that by which the azoam- 
monium derivatives are obtained from the o-anili no-bodies (B. 27 , 
2920), and the osotetrazones from the osazones: 


L 


HC=N, 


N-CeHg 
Formazyl Hydride. 




/\ 

OH C.H, 

w-DiphenylletrazoIium Hydroxide, 


The oxidation is best effected by amyl nitrite and hydrochloric acid. 
The tetrazolium hydroxides are, like aU ammonium hydroxides, strong 
bases. Ammonium sulphide reduces them to formazyl compounds. 

iV-Diphenyltetrazolicim chloride, CHN4(CeH5)2Cl, melting with 
decomposition at 268°, results by the elimination of carbon dibxide 
from diphenyl-tetrazolium chloride carboxylic acid, melting at 257® 
with decomposition. The ester of this acid is prepared from 
formazyl carboxylic ester, and passes just as readily as the acid 

NC,Hj 

into a betaine, | ^N— C.H. 

CO (!) 

^-Dihydroyydiphenyl-tetrazoliiim betaine, formed in an analogous 
manner, melts at 179® with decomposition, and can be oxidized to 
tetrazole (B. 28 , 1693) : 


.N— N.C,H 40 H 
I 


r\ 


N=N.C«H4.0H 


.N— NH 


CO 


.-4 


which demonstrates the connection between the tetrazoles and tetia- 
zolium compounds. Similarly, ^-hsrdroxyphenyldiphenvltetrazoliam 
chloride yields diphenyltetrazole (B. 29 , 1852). Qyc^odiphenylenetetra- 

' >N— N C,H. 

zoUom chloride carboxylic ester, co.R.cC i , is derived 

=NC1 — CjH, 

from cycfoformazyl carboxylic ester (A. 295 , 335). 
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4. SIX-MEMBERED HETEROCYCLIC COMPOUNDS. 


A. MONOHETERO-ATOMIC SIX-MEMBERED RINGS. 


I. Six-Membered Rings with an 0 -Member, — series of cyclic 
bodies belongs here. They have already been discussed, according to 
their character, either with the fatty bodies or fatty aromatic sub- 
stances with open chain, with which they are genetically related. 
They are the anhydrides of ^-glycols (I. 318), the ^lactones — e.g., 
^valerolactone ( 1 . 374) — the anhydrides of the glutaric acids (I. 502), etc. : 


CH,— CH. ^ 

PentyJene Oxide. 


fi-Valerolactonc. 


^^*<CH,— CO^^- 
n-Glutaric Anhydride. 


These are unsaturated S-lactones and acid anhydrides correspond- 
ing to the saturated Mactones and S-acid anhydrides. Anhydrides 
of unsaturated €-glycols are not known, but there are anhydrides of 
diolefine dihydroxyketones. They are the 7-pyrones» which are 
isomeric with the diolefine- 5 -oxy-acid lactones, the a-pyrones: 


/CH=CH\ a /CH=CH\ XH= CH\ 

CO< >0 CH< >0; CO< >0 CH 

\CH=CH/ X:H— CO^ NCHa—OO^ "^CH 


XHa-^Os^ 




y-Pyronc. 


a-Pyronc. 


a,y-Pyronone. 


co^ 

Glutaconic Anh)rdride* 


The pjTones and allied compounds are characterized by the fact 
that when they are digested with ammonia the linking oxygen atom is 
replaced by NH, and pyridones or hydroxypyridines (p. 171) result: 


Ch/'C°.H)-CHs ,C,CO.H,.CH 

N:h — CO ^ N:h — co ^ 

a-Pyrone Carboxylic Acid, Hydroxypicolinic Acid. 

Coumalic Acid. 


XH=C(CH3)^^ 

co<ch=c(ch;)>o- 

Dimethyl-y-pyrone. 


Lutidone, a.oi-Dinietbyl-y-pyridone. 


(a) The coumalins belong to the a-pyrones: 
a-Psrone, Ctonmalin, C5H4O2, and 2,4-Dim6thyl-a-pyroiie, dimethyl 
coumalin* C5H2(CHo)202 (I. 362), are obtained from their acids: 

Ooamalic Acidt C5H3O2.CO2H, made by the action of concentrated 
sulphuric acid upon malic acid, and Dimethylcoiimalic acid, iso^dehy- 
dracetic acid, 2 ,/^-dimethyUa-pyrone-Z‘Oarboxylic acid, C5H(CH3)202- 
COOH, obtained from aceto-acetic ester with H2SO4, and by trans- 
forming sodium aceto-acetic ester with ) 9 -chlorocrotonic acid ester 
(see Vol. I.). On ethosorcoamalindicartoiylic acid ester, CjHO,- 
(OCjjH5)(COOC2H5),, m.p. 94®, from dicaxboxy-glutaconic acid ester, 
and others, see A. 297 , 86; J. pr. Ch. [2], 68, 404. Fhenylooumalio. 
i-pheu^l-a-pjrrone, C,H3(CjHg)02, m.p. 68°, is found in Goto bark. On 
reduction it yields S-phenyl valerianic acid, and with ammonium 
acetate a-phenyl p5nidone (B. 29 , 1673, 2659). a-Pyr(me-4-carboZ7Uo 
acid, m.p. 228°, results from treating oxal-crotonic acid ester with 
alkalies (C. 1900, II. 174). i-Phenyl-a-pyione-4-carbozyUo aoid ester. 
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from phenylpropargylidenemalonic acid ester (B. 86, 3671). A series 
of a-pyrone derivatives has been obtained by the condensation of 
acetylene carboxylic esters with / 5 -diketones or / 5 -ketonic acid esters 
and sodium ethylate (C. 1899, 11. 608, etc.). 4-M6iliyl-a-pyrone-- 
1,3-dioarbozylic acid ester, C5H02(C0aC2H5)2(CH3), m.p. 80°, by con- 
densation of ethoxy-methylene malonic ester with sodium aceto-acetic 
ester (C. 1908, II. 523). 

From the a,7-pyronones (see above) are derived: Dehydracetic acid, 

] 1 

x-aceto-ymethyl pyronone, CH3C : CH . CO . CH(C0CH3) CO . O (B. 48 , 
1070), obtained by boiling aceto-acetic ester, and by pol5mierizing 
ketene, CHg^CO (B. 41 , 597), and therefore also from acetyl chloride 
with tertiary bases (A. 828 , 247) and by the action of P2O5 upon boiling 
acetic anhydride (B. 40 , 362). It is also formed by detaching CO2 
from dehydraceto- carboxylic acid, i-aceto-^-methylpyronone-2-car~ 
boxylic acidi obtained from acetone dicarboxylic acid with acetic 
anhydride (A. 878 , 186). On heating with cone. H2SO4, dehydracetic 
acid passes into triacetic acid, ‘^-methylpyronone (B. 24 , R. 857), which, 
in turn, is converted into dehydracetic acid by heating with acetic 
anhydride and sodium acetate (B. 87 , 3387). Further, a,y-pyronones 
have been obtained by the action of tertiary bases upon mono-alkyl- 
acetyl chlorides (A. 878 , 261). 

(6) y-Pyrones result in general from a,y,€-triketones by elimination 
of H20(B. 24 , III): 

XHg , CO . COgR XH = C-^COgR 

COC > CO< >0 

\CH,.CO .CO,R N:h =cd.CO,R 

AcetonodioxaHc ester. Chelidonic ester. , 

Conversely, they are easily reconverted into triketones by alkalies. 
Though the pyroneS contain a ketone-oxygen atom, they do not react 
with hydroxylamine, etc. (compare xanthones), neither do halogens 
add themselves to the pyrones. The pyrones, especially dimethyl 
pyrone, possess the peculiar property of combining with acids and 
metal h^oids to salt-like addition products which easily dissociate 
again into their components. This fact has been used to support the 
quadri-valence of the oxygen in these compounds (compare Cineol, 
C. 1900, II. 313; A. 864 , i; 876 , 217). 

y-P^ne, pyrocomane, C5H4O2, m.p. 32°, b.p. 315°, results from 
its carboxylic acids, comanic and chelidonic acid, by the loss of COg 
on heating (B. 87 , 3744). P5n:one, which may be regarded as an 
anhydride of bishyi:ox3nnethyleneacetone, CH(OH) : CH . CO . CH : CH- 
(OH), can easily be split up into its derivatives; thus we obtain, with 
NaHO and benzoyl-chloride, dibenzoyl bishy droxymethyleneace tone; 
with K methylate the K-salt of bishydrox3maethyleneacetone mono- 
methyl ether; and, by acetaUzing with orthoformic acid ester and HCl, 
the hexa-ethylacetal of diformyl acetone (compare the sphtting up of 
furan into succino-dialdehyde tetra-methyl acetal). Pyrone is easily 
regenerated from the derivatives of ' bishydroxymethylene acetone 
(B. 88, 1461). Mono- and dibromo-psrrone, m.p. 114® and 157"^ respec- 
tively, are obtained by the action of undiluted bromine upon pyrone 
(B. 88, 3562). oai-Dimethyl-y-pyrone, C6H2(CHa)202, m.p. 132° 
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(subliming even at 80®), b.p. 248®, is formed from dehydracetic acid on 
heating with HI, or from its dicarboxylic acid (see below) (A. 267 , 253). 
Hydrochloride, C7H8O2 . HCl + 2H2O ; cUoroplatinate, (C7H802)2Hj- 
PtCl^; oxalate On boiling with barium hydrate it 

3delds diacetyl “S^cetone; and with methyl iodide, dimethyldiacetyl 
acetone, which, on heating with HCl, passes into tetram6thyl-7-p3rrone, 
C6(CH3)40, m.p. 92® (C. 1900, II. 313). On heating with ammonia, 
dimethyl pyxone forms lutidone (see below). 

a-Phenyl-ai-methyl-r-pyrone, m.p. 88®, and oai-diphenyl-y-pyrone, 
m.p. 139°, have been obtained by the condensation of phenyl-propiolic 
acid ester with acetone and acetophenone respectively (C. 1908, 1 . 1703). 

i 5 -Hydroxy-y-pyrone, ot pyromeconic acid, C5H5(0H)02, 

m.p. 121®, b.p. 228®, is formed by the distillation of its carboxylic 
acids, comenic and meconic acid. With bases it forms unstable saJts. 
With N2O3 there results an iso-nitroso-compound derivable from the 

tautomeric keto-form, passing, on reduction 

into p5n:o-mecazonic acid, a/?y-trihydroxypyridine (C. 1902, 1 . 1365). a- 
Methyl-i^-hydrozy-y-pyrone, maltol, m.p. 159®, has been found in the 
needles of pines and the bark of larches, and is also formed on roasting 
malt (B. 36 , 3407; C. 1905, II. 680).^ 

Pyrone-a-carhoxylic Acid, Ckimanic Acid, C5H3O2.CO2H, is obtained 
from chelidonic acid by the loss of carbon dioxide. It dissolves with 
difficulty in water. It melts at 250® and decomposes. When boiled 
with lime it decomposes into acetone, oxalic acid, and formic acid. 
It forms an hydroxypicolinic acid when digested with ammonia. 

P^ne-aa^-dUcarboxylic Add, Chelidonio Acid, C5H202(C02^2’ 
melts at 220°, and occurs, together with malic acid, in Chelidonium 
majus (A. 67 , 274). It can be readily obtained through the loss of 
water from acetone-dioxalic acid. It forms colourless salts. An 
excess of alkali converts it into salts of acetone-dioxalic acid or 
zanthochelidonic add, which are yellow-coloured. 

The reduction of chehdonic acid gives rise to acetone-diacetic acid 
or hydro-chelidonic add, and normal pimelic acid. Ammonia converts 
it into an hydroxy-pyridine dicarboxylic acid. 

Hjdrozy-pyronecarbozylic Add, Comenic Acid, C3H2(0H)(C00H)02, 
from meconic acid, is converted by ammonia into dihydroxypicohnic 
or comenamic acid, which can also be obtained from meoo^C acid, 
C5H(0H)(C00H)a02+3H20, which occurs in opium in union with 
morphine (A. 88, 352). It readily parts with carbon dioxide. Ferric 
salts colour its solutions dark red. The constitution of these acids 
has been determined by their decomposition products with barium 
hydrate (C. 1900, II. 384). 

Dimefl^lpyronedioarboxylio Add, its diethyl 

ester, melting at 80®, is formed by the exit of water from carbonyl <h- 
acetoacetic ester, C0[CH(C02R)C0CH8]2 (B. 20 , 154; also B. 24 , R. 573). 

Tetrahydropyrone derivatives result from the condensation of 
acetone dicarboxylic esters and aldehydes by means of hydrochloric 
acid (B. 29 , 994, 2051) : 




-CO<gHlCO.K)rCH(C.H.,,o. 
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Dimethyl- and diphenyl-tetiahydiopyrone dioarbozylio diethyl esClBn 

melt at 102° and 115°. The free acids split off CO2 and yield tetra- 
hydropyrones, which are easily split up to diolefine-ketones by mineral 
acids; oai-Diphenyl tetrahydiopsrrone, m.p. 131°, gives dibenzal-acetone. 
In contrast to the pyrones, the tetrahydropyrones yield oximes 
(B. 80 , 2801; 81 , 1508; 82 , 809, 1744). 

Similarly, diphenyldimethyl tetrahydropyrone, C6H20ji(CH3)2(C,H5)2, 
melting at 106° and boiling at 236“ (20 mm-), is formed from diethyl 
ketone and two molecules of benzaldehyde in the presence of alcoholic 
potash (B. 29 , 1352). 

The conmarins and tsocoumaiins are benzo-derivcUives of a-pyrone : 


c,H* 


f[i]CH=CH 

1[2]0 to 


(a-) Benzopyrone, Coumarin. 


( [i]CH=CH 

"•“‘iwco-i 

/yo-[a]-benzopyrone 2 /yocoumarin. 


The latter are more easily converted by ammonia into benzo- 
P5n:idone or hydroxywoqninoline derivatives than the pyrones into 
pyridones. 

Coumarin and its homologues have been discussed as lactones of 
o-hydroxycinnamic acids immediately after the latter. Isocoumarins, 
the lactones of benzene carboxylic acids, with hydroxylated side-chain 
unsaturated in the / 3 -position, isomeric with the o-hydroxycinnamic 
acids, are produced by the following general methods: 

I. Benzylidene and alkylidene phthahdes can be rearranged into 
isobenzalphthalides or isocoumarins (B. 20 , 2363 ; 24 , 3973) : 


c == CH.C^Hg 
CeH4< >0 

CO 

Bcnzalphthalide. 


XH = CC«H, 

/sobenzalphthalide, PhenyHsocoumarin. 


2. When acid anhydrides or chlorides act upon o-cyanobenzyl 
cyanide, condensation products result which, upon treatment with 
acids, have one cyanogen group split off and the other saponified, with 
the production of isocoumarins (B. 26 , 3566; 27 , 827): 


Q /^H,(CN) (rco),o 
* XN 


X(CN) =CR 

I 

XN OOCR 


H,0 


€H=CR 




Benzopyranols , — Derivatives of benzo-a-pyrone, which, instead of 
the >CO-group of benzopyrone, contain the group and 

are therefore called “ benzopyranols/* are formed by the condensation 
of o-hydroxybenzaldehydes and ketones by means of acids; 

rCHO CH. fCH=CH 

c,hJ +1 >c,nA 

tOH CO.CH, lo C(OH)(CH,) 

The simplest benzopyranols are compounds of but slight stability. 
Like xanthydrol and phenyLxanthenol, they give with mineral acids 
and metal haloids intensely coloured compoimds, many of great 
stabiUty (A. 864 , 17; 870 , 196). 
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‘a-Phenyl-benzo-pyranol, from acetophei^one and salicylaldehyde, 
is split up into its components by NaHO. a/?-Diphenyl-benzo-pyranol, 
m.p. 122°, from salicylaldehyde and desoxybenzoin. 

Among the benzo-pyranols there is also a group of dye-stuffs formed 
by the condensation of multivalent phenols like resorcin, pyrogallol, 
phloroglucini and hydroxyquinol with i?-diketones: 


:CH 

-C(OH)(C,H,) 

The dye-stuffs formed in the action of acetic anhydride and zinc 
chloride upon phenols, such as phenacetein, resacetein, and orcacetein, 
are also to be regarded as benzo-pyranols (B. 84 , 1189, 2368; 35 , 1799; 
86, 1941, 3607; 87 , 354, 1791; 89 , 850). 

C,H4.C0 

Biphenyl methalcdide, 1 I , the lactone of o-hydroxydiphenyl- 
C,H40 

o-carboxylic acid, is to be regarded as dibenzo-a-p5n:one. 

From benzo- and dibenzo-y-pyrone a large number of yellow vege- 
table dyes are derived (Kostanecki), some of which, like the simple 
7-pyrones, form salt-like compounds with acids. 

y-Benzopyrone, — ^The fundamental body of 

v[2jO CH \p) 

this group has been termed “ chromone,” while the iff-phenyl benzo- 
pyrene found in many yellow vegetable dyes has been called 
“ flavone.” Chromone and flavone are produced: 

(i) From their a-carboxylic acids, obtained by condensing phenoxy- 
fumaric acids by means of sulphuric acid (C. 1900, II. 965; 1901, I. 
1009; II. 1052): 


C.H,OC 


/COOH 

\CHCOOH 




,0— CCOOH_ 
*^HCO— CH 


Chromone. 


(2) o-Hydroxybenzoyl-) 5 -ketones and o-hydroxybenzoylpyroracemic 
acid esters yield /fi(-alkyl- or aryl-chromones and chromone- /f-carboxylic 
acids respectively: 



OH 

COCHjCOCH, 


^"‘(cO.CH > 


fOH 

COCH4COCOOR 



O— CCOOH 
CO.CH 


(3) Flavones also result from treating benzylidene-o-hydroxyaceto- 
phenone dibromides with alkali: 


C H 

• ^NCO.CHBr.CHBrC.H, 


>Ce] 


Substituted benzylidene-o-hydroxyacetophenones condense, either 
during their s3mthesis or on treatment with HCl, to dihydroflavones 
or flavanones: 


C^HjOCeHe 


/OH 


. X. ^ X. /O— CHC.H,(0CH,), 
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With N2O3, these flavanones yield isonitrosocompounds, decom- 
posed by hydrolysis into hydroxylamine and flavonols. In this way 
fisetin, quercetin, etc., have been synthesized: 


CHjOCjHa 


j'O—CHC.HjCOCH,), 

\C0.C:(N0H) 


-CH.OC«H, 


jO— CC*H,(OCH,), 
Ico.qoH) 


•HOC,H, 


rO--CC,H,{OH), 

ICO.C(OH) 

Fisetin. 


On treating with bromine and alkali many substituted benzyli- 
dene-(?-hydroxy-acetophenones pass into flavones (B. 889 1478) ; other 
benzal-o-hydroxy-acetophenones, on treating their dibromides with 
alkali, do not yield flavones, but the isomeric benzylidene coumaranones, 

CeH4<(^^C : CHCjHj (B. 82 , 309). On the other hand, the dibromides 

of the benzylidene coumarones can be converted by the action of 
alkali under certain conditions into flavonols (B. 41 , 4233). 

By heating with alkali the flavones are first split up into o-hydroxy- 

phenyl-/?-dike tones like » which then split up further 

in two directions, forming acetophenone and o-hydroxybenzoic acid, or 
o-hydroxy-acetophenone and benzoic acid (B. 88, 330). The hydroxy- 
flavones and hydroxyflaVonols, many of which have been synthesized 
(B. 88, 2177), mostly give a yellow coloration to china clay mordants 
(B. 89 , 86). 

Benzo-y-psrrone, Chromone^ CeH4[C3H202], m.p. 59°, is obtained by 
heating its / 5 -carboxylic acid, m.p. 251° with dec., resulting from 
phenoxy-fumaric acid with concentrated II2SO4, or from o-hydroxy- 
benzoyl pyro-racemic ester with HCl (see above). j^-Methyl-chromone, 
m.p. 71®, from o-methoxy-benzoyl acetone with HI by method 2 \ by 
the same method hydroxy-chromones have been prepared (for list 
see B. 85 , 2890). 

Havone, /^-Phenyl-benzo-y-pyrone, CeH4[C302H(C3H3)], m.p. 97®, is 
obtained from benzylidene-o-acetoxy-acetophenone dibromide or from 
o-hydroxy-benzoyl-acetone. Chrysin, 1,3-dihydroxyJlavone, (OH2)[i,3]- 
C3H2[C302H(C3H6)], m.p. 275°, occurring in the buds of various kinds 
of poplar, has been obtained synthetically from the condensation 
product of phloracetophenone- trimethyl ether, benzoic ester and 
NaOCaHg, by boiling with HI (B. 82 , 2448; 87 , 3167). Apigenin, 
i.ZA'-’i^ioxyfiavone, (0H)2[i,3]CeH2[C302H(C3H4[4']0H)], m.p. 347®, 
is found in the form of the glucoside apiin in parsley and celery; 
synthetically it is prepared from the condensation product of phlor- 
acetophenone-trimethyl ether and anisic acid ester (B. 88, 1988, 2334 ; 
88, 931; A. 818 , 121). Luteolin, i,3,3',4'’tetraoxyflavone, (OH)2li,3]- 
C6H2[C302HX3H3[3',4'](0H)2], m.p. 329®, the yellow dyestuff of 
mignonette, Reseida luteola, has been obtained by the condensation of 
phloracetophenone-trimethyl ether with veratric acid ester (B. 88, 
3410; 84 , 1449; 2625). The following dyestuffs are derived from 

{ Q Q Q 

CO— C(OH)*' yellow needles, m.p. 170°, pre- 

pared by the hydrol5^ic disintegration of the tso-nitroso-compound 
of flavanone. c,H 4| . ’ * *’ m.p. 76°. The latter is obtained 
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by the action of sodium alcoholate upon ^-acetaminocarboxylic esters 
(C. 1899, 11 . 462) : 

CH—COOR CH, ^ CH— C(OH) = CH 

CHsC NH— CO ^ CII.C N-^ C(OH) 

|3-Acetamino-crotouic Ester. a,y-Dihydroxypicolme. 

10. The formation of ^-chloro- and / 5 -bromopyridine from pyrrole 
on heating with CCI3H or CBrgH and NaOCgHg is of interest. CHglg 
produces pyridine, and CgHgCHCla i^-phenylpyridine (B. 20 , 191). 

11. iV- and a-alkylpyrroles, on conducting their vapours through 
tubes at low incandescence, or on heating with HCl, yield pyridines; 
iV- and a-methyl pyrrole yield pyridine, and AT^-benzylpyrrole /^-phenyl 
pyridine (B. 19 , 2196; 38 , 1946). 

Behaviour . — ^The pyridine bases are colourless liquids with a peculiar 
odour. Pyridine is miscible with water. The solubility of the higher 
members grows rapidly less. Frequently they are more soluble in cold 
than in hot water. 

1. Salts . — The platinum double salts of the formula (QHgN.HQj^- 
PtCl4 lose two molecules of hydrochloric acid upon prolonged boiling 
and form (C5H5N)2PtCl4 (see pyrazoles). The pyridines form addition 
compounds with many inorganic salts. These, with HgCl^ and AUCI3, 
are characteristic and serve for the separation of the individual bases 
(A. 247 , i; compare C. 1897, II. 129, 311). 

2. Alkyl iodides and pyridines form alkyipyridinium iodides. Like 
alkyl-iodide, the pyridines also add chloracetic acid and its homologues 
to form pyridine betaines (C. 1911, 1 . 494) ; also acid chlorides, cyanogen 
bromide, 2,4-dinitro-chloro-benzene, etc. By substituents in the aa^- 
position the formation of pyridinium salts is either hindered or made 
impossible (C. 1905, I. 381). 

On treating the alkyipyridinium iodides with NaHO, the strongly 
basic pyridinium hydroxides first formed transform themselves into the 
isomeric a-hydroxydihydro-pyridines, also rather unstable, and these 
are oxidized by potassium ferricyanide to iV-alkyl-a-pyridones (J. pr. 
Ch. [2], 84 , 219) : 

HC=CH— CH ^ HC=CH— CH(OH) HC=CH— CO 

HC =CH— NR(OH) ^ HC =CH— NR ^ HC =CH— NR 

The dinitrophenylpyridinium chloride obtained by the combina- 
tion of p3n:idine with dinitrochlorobenzene is split up by treatment with 
alkali or with various primary or secondary amines to intensely coloured 
derivatives of glutaconic aldehyde or its tautomeric forms (A. 880 , 
361 ; 341 , 365 ; J. pr. Ch. [2], 82 , i) : 

CH : CH.CH : NCgHg CjH^jCH : CH . CH NaOH CH:CH.CHO 

CH ; CH.NHC.Hj.HCl"^ CH ; CH.N<(^^^j.j^^j^q7cH:CH.NHC,H,(NO,), 

Similar behaviour is shown by the addition products of cyanogen 
bromide, diphenyl-oxalimide chloride, PCI5, etc., to pyridine (J. pr. 
Ch. [2], 69 , 105; 70 , 19; 83 , 97, 325). Compare the reversed synthesis 
of pyridine from derivatives of glutaconic aldehyde. 
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3. When the alkyl pyridinium iodides are heated to 300® alkyl 
pyridines result, with a migration of the alkyl-group to a- or y-C-atom 
(Ladenburg, B. 17 , 772). This is analogous to the production of 
homologous anilines from A'-alkyl anilines. 

4. Methyl groups in the a-position and some in the y-position are 
able, in contrast with the alkyl groups in the j6f-position, to condense 
with aldehydes, such as formaldehyde, chloral, benzaldehyde, like the 
aldol condensation. The alkines thus produced often split off water, 
forming unsaturated pyridines (stilbazolene) (B. 34 , 2223) ; phthalic acid 
anhydride and imide behave in this respect like aldehyde (B. 38 , 2806). 

5. Oxidizing agents — e.g., nitric acid, chromic acid — as a rule do 
not attack the pyridines. All the homologous pyridines, on the other 
hand, and even the phenyl pyridines, are oxidized by potassium per- 
manganate to pyridinecarhoxylic acids, which finally yield pyridine 
upon distillation with lime. 

In this connection it is noteworthy that although the phenyl- and 
benzyl-pyridines yield pyridinecarhoxylic acids with permanganate in 
acid solution, they are oxidized mainly to benzoic acid in alkaline 
solution (B. 37 , 1373). 

6. Reducing agents (sodium and alcohol) convert the pyridine bases 
into hexahydropyridines, or piperidines, which can be decomposed by 
various methods into fatty bodies (compare piperidine decompositions). 
The p3nridincs are reduced to paraffins when heated with hydriodic acid. 
Pyridine yields pentane. 

7. Halogen, nitro-, and sulpho-denvditivcs are prepared with far more 
difficulty from the pyridines than from the benzenes. 

Isomerides. — The isomerism of the derivatives produced by the 
replacement of the hydrogen atoms in pyridine can easily be deduced 
from the given structural formulae, and is perfectly analogous to the 
isomerism of the benzene derivatives. Representing the five hydrogen 
atoms of the pyridine nucleus, with numbers or letters correspond- 
ing to the diagram: 


CH/'^ '^\ 

4 5 P2 «2 

then the positions i and 5, also 2 and 4 (as in benzene), are similar. 
The first may be designated the ortho-, the latter the meta-positions; 
while the position 3, occurring only once, corresponds to the para 
of benzene. From this we conclude that the mono-derivatives of 
pyridine, C5H4(X)N, can exist in three series, while six isomerides 
are possible with the di-derivatives, C5Ho(X2)N. This is verified by 
the existence of three methyl-, three propyl- and phenyl-pyridines, 
C5H4(R)N, of three pyridine-mono-carboxylic acids, C5H4(C02H)N, of 
six dicarboxylic acids, etc. The orientation of substituents in pyridine 
derivatives usually follows from their conversion into carboxylic acids 
of pyridine. 

Constitution of the Pyridine Monocarboxylic Acids, — The constitution 
of pyridine-a-carboxylic acid or picolinic acid and pyridine- ) 3 -carboxy lie 
acid or nicotinic acid is evident from its production in the oxidation 
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of a- and j^-phenylpyridines. These latter bodies have been obtained 
from a- and /?-naphthoquinoline. When these are oxidized, the first 
products are a- and / 5 -phenylpyridinedicarboxylic acids, which upon 
the loss of 2CO2 become phenylpyridines. This proof of constitution 
presupposes, therefore, the constitution of a- and / 5 -naphthoquinolines. 
The diagram represents the derivation of the constitution of picolinic 
acid: 

-0 ■“■"-0 

a-Naphthoquinolinc. o-Phenylpyridine- a-Phenylpyridine. Pyridine-a-carboxylic 

dicaiboxylic Acid. ’ Acid, a-Picolinic Acid. 

The behaviour of the pyridine dicarboxylic acids leads to a simpler 
deduction of the position of their atoms (B. 18 , 2967). Quinolinic acid 
(pyridine dicarboxylic acid), formed by the oxidation of quinoline, has 
the position (1,2), and cinch omeronic acid, from zsoquinoline, has the 
position (2,3). Quinolinic acid loses one molecule of carbon dioxide 
when heated, and forms nicotinic acid, while cinchomeronic acid yields 
nicotinic acid and tsonicotinic acid; therefore nicotinic acid has COOH 
in the i^-position and isonicotinic acid in the y. 

Psrridine, C5H5N, boiling at iiq'S®, with sp. gr. 1-003 (0°); can be 
prepared from bone oil, and is obtained from all the pyridinecarboxylic 
acids on distillation with lime. Its hydrochloride, C^HgN.HCl, is 
deliquescent, and with platinum chloride it forms a double salt, 
(C5H5N.HCl)2PtCl4, melting at 240°. See B. 29 , R. 295, for pyridine 
mercury compounds. Its iodomethylate melts at 117° (B. 29 , R. 994). 

Pyridine combines with several other alkyl haloids, as well as 
acetonvl chloride and phenacyl bromide to form the compounds C4H5N- 
(C 1 )CH 2 C 0 CH 3 and C4H5.N(Br)CH2COC6H5 (C. 1899, I- 1900, 

II. 581). Phosgene unites with 2 mols. pyridine to form carhoxyldipy- 
ridinium chloride, [C5H5N(C1)]2C0 (C. 1900, II. 460); on the addition of 
acid chlorides by pyridine, see B. 26 , R. 54; Gaz. chim. ital. 39 , II. 445. 

/CHj— CO 

Pyridine betaine, CgH^N' I ^ m.p. 150° with dec. , is formed from 

\ Q 

pyridine and chloracetic acid (B. 23 , 2609). On the addition products 
of dinitro-chlorobenzene, cyanogen bromide, etc., with pyridine, and 
their splitting up to derivatives of glutaconic aldehyde, see above. 

Reduced with Na and alcohol, pyridine gives piperidine. Heated 
with HI it gives normal pentane. 

On the product of the addition of sodium bisulphite to pyridine, 
see B. 41 , 1346 ; 44 , 2939. 

I. Homologous Pyridines. — ^Methylpyridines, C5H4(CH3)N, Picolines 

(from pix, tar, because they were obtained from coal-tar) : 

a-Picoline boils at 130°; its sp. gr. is 0-949 at 15°, and it is oxidized 
by potassium permanganate to picolinic acid. ^-Picoline boils at 143° ; 
its sp. gr. is 0-901. It is formed when strychnine is distilled (B. 28 , 
3555)1 and upon heating glycerol with PgOg and ammonium phosphate; 
also by heating trimethylenediamine hydrochloride (B. 28 , 2730). 
It yields nicotinic acid on oxidation. y-Picoline boils at 144°. Its 
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sp. gr. is 0*957 at 15°. It has also been prepared by heating pyridine 
iodomethylate. It yields tsonicotinic acid when it is oxidized. 

Dimethylpyridines, Lutidines, 05(0113) 2H3N. — Bone oil contains 
mainly aai-Lutidine, boiling at 142°, with sp. gr. 0*942 ; a,y-LuHdine, 
boiling at 157°, with sp. gr. 0*9493; and p,y-LuHdme, boiling at 164° 
(B. 21 , 1006; 29 , 2996), also found in Scottish shale oil. p,^^-Lutidine, 
form the corresponding carboxylic acid, boils at 170° (B. 23 , 1113). 
Found in coal-tar besides a/^i-lutidine, b.p. 160° (B. 87 , 2062). 

a-Ethylpyridine, C 5 H 4 (C 2 H 5 )N, boils at 148°; its sp. gr. is 0*949 at 0°. 
y-Ethylpyridine boils at 165°; its sp. gr. is 0*952 at 0°, These two 
compounds result upon heating pyridine ethyl iodide. i5-Ethyl- 
pyridine has been obtained, together with the y-body, from cinchonine 
and brucine on heating with caustic potash. It boils at 166°. 

Sym. (1,3,5) Trimethylpyridine, C5H2(CH3)3N, collidine, is obtained 
from synthetic dihydrocollidine dicarboxylic ester by oxidation, 
saponification, and the elimination of carbon dioxide. It boils at 
172°. ap'yCoUiiine, boiling at 165^-1 68°, occurs in coal-tar (B. 29 , 
2998). aj 3 y-Trimethylp 3 rridine, b.p. i85°-i88°, on oxidation gives 
carbocinchomeronic acid ( 0 . 1900, I. 1161). 

aj5'-Methyletliylp3rridine, C 5 H 3 (CH 3 )(C 2 H 5 )N, has been prepared 
from various aldehyde compounds, hence called aldehydine or aide- 
hydecollidine. It boils at 178°. aa'-Methylethylpyridine, b.p. 160°, 
from methylol-aoi-lutidine by reduction (B. 42 , 137). j5y-Methyl- 
ethylpyridine, / 5 -collidine, b.p. i9o°-2oo°, with / 5 -ethyl pyridine from 
cinchonine by distillation with potash (B. 36 , 1351). 

a-Propylpyridine, Conyrine, C5(C3H7)H4N, is produced on heating 
coniine with zinc-dust. It boils at 167°. 

a-isoPropylpyridine is produced, together with the y-compound, 
when pyridine propyl iodide or isopropyl iodide is heated. It boils 
at 158°. 

Parvoline, v-Tetramethylpyridine, boiling at 227'’~230°, occurs in 
coal-tar (B. 28 , 796). 

a- and y-Benzylpyridine, C5H4N(CH2C5H5), b.p. 276° and 287°, 
from pyridine chloro- or iodo-benzylate at 270°, besides a small 
quantity of /5-benzylpyridine, m.p. 34°, b.p. 287°, which is better 
obtained by reduction with HI and phosphorus (B. 86, 2711). The 
iodomethylates of a- and y-benzylpyridine, treated with NaHO, 
yield, instead of the pyridones, a- and y-benzylidene-iV-methyl- 
dihydropyridines, from which the pyridinium salts can be regenerated 
by means of acids (B. 38 , 2496). 

/5,/5x-Dib6nzylp3rridine, C6H3(C7H7)2N, boiling at 89°, is formed in 
the condensation of benzaldehyde with benzoyl piperidine (A. 280 , 36). 

a- and /5-Phenylpyridine, C5(C«H5)H4N, boiling at 269° and 270°, 
result from the elimination of 2CO2 from their carboxylic acids, the 
decomposition products of a- and / 5 -naphthoquinoline. The a-body 
can also be made by heating the corresponding a-pyridone with zinc 
dust (B. 29 , 1678). /5-Phenyl-p5nidine is also formed by the distilla- 
tion of A/'-benzyl-p3Trole through feebly incandescent tubes, and by 
the action of benzal chloride and Na ethylate upon pyrrole. 

p-Nitrophenylp3nidine, melting at 117°, is obtained from nitroso- 
diazobenzene and pyridine. By reduction it yields />-aminophenyl- 
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pyridine, melting at 102®, which yields a-phenylpyridine (B. 29, 167). 
Dinibophenylpyridine melts at 118® (B. 29, 279). y-Phewlpyridine, 

melting at 77® and boiling at 274®, results from a transposition of the 
condensation product of acetoacetic ester with benzaldehyde and 
ammonia; a mixture of a- and y-phenylpyridine is also formed by 
the action of benzene diazonium salts upon pyridine (compare B. 37 , 

1370). 

a,ai-Phenylmethylpyridine, C5(CgH5)(CH3)H3N, boiling at 281®, is 
obtained froni cinnamylidene acetoxime (B. 28 , 1727). a,ai-Diphenyl 
pyri^ne, melting at 82®, has been obtained (i) by distilling the oxime 
of cinnamylene-acetophenone (method 3); (2) from a,ai-diphenyl-y“ 
pyridinecarboxylic acid, produced on heating diphenacyl-malonic 
acid with ammonia; and (3) by oxidizing a-phenyl-naphthocinchonic 
acid (B. 29 , 798; 30 , 1499). 

aaV-Triphenylpyridine, m.p. 137®, aa and aa'^^y-Tetraphenyl- 
pyridine, m.p. 179® and 233®, and pentaphenylpyridine, m.p. 179® 
and 240°, are formed from benzal - diacetophenone, ay-dibenzoyl- 
diphenyl-propane, desoxy-benzoin benzylidene acetophenone, and 
benzamarone with hydroxylamine (method 3 ; compare A. 302 , 233, 
240; 303 , 225). 

yy-Dipyridyl, (C5H4N)2 +2H2O, m.p. 73® (114®), b.p. 305®, is formed 
from pyridine by the action of sodium, besides an oily polymeric 
pyridine (C5H5N) (B. 24 , 1478). Similarly, on heating aa^-lutidine a 
tetramethyl-dipyridyl, [C5H2(CH3)2N]o, m.p. 149®, is formed. This 
on oxidation yields a dipyridyl tetracarboxylic acid, which on eliminat- 
ing CO2 passes into yy-dipyridyl (B. 32 , 2209). 

/?/3-Dipyridyl, m.p. 68®, b.p. 287®, from its dicarboxylic acid, an 
oxidation product of phenanthroline. On a further dipyridyl, see 
B. 21, 1077. 

Vinylpyridine, C5H4(C2H3)N, results when pyridine vapours are 
conducted, together with ethylene, through a tube heated to redness, 
as well as from a-picolyl alkine by the loss of water, and from pyridyl- 
/ 5 -brompropionic acid by the exit of COg and HBr. It boils at 160® 
(B. 20 , 1644; A. 265 , 229). 

a-Propenylpyridine, (C5H4N)CH: CHCH3, b.p. 290®, usually called 
allylpyridine, is formed from a-picoline and paraldehyde on heating to 
260® (A. 247 , 26) ; on reduction with Na and alcohol it yields propyl- 
piperidine or inactive coniine. 

7-Propenyl-pyridine, b.p. 201®, from y-picoline and paraldehyde 
(B. 38 , 157). a-Styryl-pyridine, Stilbazole, ^(CH: CHC,H5)H4N, m.p. 
61®, b.p. 325®, by heating a-picoline with benzaldehyde and ZnCl^; 
benzaldehyde and its substitution products react similarly with other 
a-methylated pyridines, like aai-methyl-phenyl-pyridine, a,y-lutidine. 
oai-Lutidine gives aaj-Distyrylpyridines, ArCH : CH(C5H3N)CH : CHAr 
(B. 33 , 3494; 34 , 464, 1893; 35 , 2774, 2790; 36 , 118, 119, 1683). 
y-S<yryIpyridine, m.p. 217®, from y-Picoline (B. 38 , 2837). 

2. Halogen Pyridines. — The pyridines containing halogens in the 
nucleus are obtained with difficulty by the direct action of the halogens 
upon the pyridines. Bromine particularly replaces the alkyl group 
in the homologous pyridines very easily (B. 25 , 2985; 28 , 1759). The 
replacement of the pyridine hydrogen atoms is more easily effected upon 
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heating pyridine or the hydroxypyridines with phosphorus or antimony 
pentachlorides. 

By heating pyridine with PCI5 to 210® to 220° one obtains oai- 
dichloro-pyridine, m.p. 88"^ (also obtained from dichloriso-nicotinic 
acid by eliminating COg); also three trichloro-pyridines, melting at 
50®, 68°, and 72° respectively; aa app'y-, and aa'/^y-tetrachloro- 
pyridines, melting at 91°, 22°, and 75° respectively; and as a chief 
product pentachloro-pyridine, C5CI5N, m.p. 125°, also produced from 
dioxy-pyridine or glutaconimide with PCI5, and, besides lower chlorina- 
tion products, by prolonged action of chlorine upon pyridine hydro- 
chloride. By heating with alcoholic ammonia sever^ of the higher 
chlorinated pyridines have been converted into aminochloropyri dines 
(C. 1898, II. 349; 1899, II. 1055; 1900, I. 135, 350, 552, 818; II. no, 
482; J. pr. Ch. [2], 83 , 106). 

On the chlorination of a-picoline, see C. 1909, I. 382. 

a-Chloropyridine, b.p. 166°, is prepared from a-hydroxy-p5nidine, 
or better from A'-alkyl pyridones, with PCl^; similarly, the A'-alkyl 
pyridones with POBrg + PBrg yield a-bromo-pyridine, b.p. 193°. On 
treating cliloropyridine with methyl-iodide, a-iodopyridine-iodo-methy- 
late, C5H4lN(CH3)I, is formed (B. 32 , 1297). /^-Chloro- and / 9 -bromo- 
pyridine, b.p. 148° and 170°, are obtained from potassium pyrrole with 
CHCI3 CHBr^ respectively; ) 5 -chloro-pyridine also from a-chloro- 
glutaconic aldehyde and NH^ (B. 38 , 1651). Homologous ^-halogen 
pyridines (see C. 1900, I. 817). a-Phenyl-ai-chloropyridine, m.p. 34°, 
from phenyl pyridine (see B. 29 , 1679). y-Chlorolutidine, Cr(CH3)2HoClN, 
b.p. i 76°“I78°, from lutidone (A. 331 , 254). 

3. Pyridine Sulphonic Acids , — /i-Pyridine sulphonic acid, 
C5H4(S03H)N, is formed from pyridine with fuming sulphuric acid'. 
Its sodium salt, on distillation with CNK, yields ) 5 -cyano-pyridine, the 
nitrile of nicotinic acid, and on fusing with potash, / 5 -hydroxypyridine. 

a-Pyridine sulphonic acid, m.p. 240°, and lutidine-y-sulphonic acid 
are prepared by oxidizing the corresponding mercaptans (B. 33 , 
1556). Heating piperidine with sulphuric acid produces pyridine and 
pyridine sulphonic acids. 

4. Nitro - pyridines . — Nitration of the pyridine nucleus seems 
only possible when NHg-, OH-, or similar groups are present, which, 
as in the case of benzene, facilitate the nitration. 

The nitration of /?-hydroxypyridine in the form of its acetyl ester 
with nitric acid containing NgOg gives rise to two nitro-hydroxypyridines, 
melting at 211° and at 295°-298° with decomposition; also a dinitro- 
hydroxypyridine melting at 133° (B. 28 , R. 911). See nicotinic acid 
for the nitro-aminonicotinic acids. 

5. Amino- and Hydrazino-pyridines are obtainable from a- and y- 
(not P-) halogen pyridines by the action of NH3. Amino-pyridines are 
also obtained from the pyridinecarboxylic acids (i) by the action of 
KOBr upon their amides (Hofmann's reaction) (C. 1902, II. 647) ; or 
(2) by transforming the acid azides with alcohol into pyridyl-urethanes 
and splitting up the latter (Curtius's reaction). The closest analogy 
to the anilines is presented by the pyridines aminated in the i^-position, 
since they can be transformed into diazo- and di azoamino -compounds 
and into azo-dyestuhs. 
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a-Aminopyridine, m.p. 56°, b.p. 204®, from a-chloropyridine with 
ammoniated zinc chloride at 220°; from a- or ai-amino-nicotinic acid 
by elimination of COgi and from a-picolinic acid amide (B. 27 , , 

R. 410; A. 288 , 253; B. 32 , 1301). a-Anilinopyridine, m.p. 108°, from 
chloropyridine and aniline zinc chloride (B. 35 , 3674) . /5-Aminopyridine, 
m.p. 64°, b.p. 251°, from nicotinic acid amide with KOBr (B. 28 , 
R. 322) ; also by breaking up p-pyridyl urethane, (C5H4N)NHC02C2Hr,, 
m.p. 87®, or dipyridyl urea, obtained from nicotinic acid azide with 
alcohol or water (B. 31 , 2493). Diazo-pyridine salts, p-diazo-amino- 
pyridine, (C5H4N)N: N.NH(C5H4N), pyridine azo-resorcin (see B. 31 , 
2495). /^i^i-Diamino-aai-luti^ne, C5(CH3)2(NH2)2HN, m.p. 170®, from 
lutidine dicarboxylic acid diazide, etc. (B. 33 , 1114). 

y-Aminopyridine, m.p. 155°, from isonicotinic acid amide (C. 1902, 
II. 648). 

y-Amino-aai-lutidine, m.p. 186"^, b.p. 246°, from amino-lutidine 
carboxylic acid. 

y-Lutidylhydrazine, C5(CH3)2(NHNH2)H2N, m.p. 116°, from y- 
chlorolutidine with hydrazine hydrate at 150°. Chlorolutidine with 
phenylhydrazine gives y-phenylhydrazinolutidine, C6H5NHNH(C7H8N), 
which on oxidation yields benzeneazolutidine, CgH^N: N(C7H8N), m.p. 
63° (B. 36 , nil). For chlorinated amino-pyridines, see preceding page. 

6. HydroxyPyridines . — The hy dr oxypyri dines correspond to the 
amino-phenols, in that they form salts with bases and acids. They are 
formed with special ease from the hydroxypyridine carboxylic acids by 
the elimination of the carboxyl groups. Most of these acids have been 
produced by the action of ammonia upon the corresponding pyrone 
derivatives. Ferric chloride imparts a red colour to nearly all their 
solutions. On the other hand, the a- and y-hydroxypyridines manifest 
the deportment of cyclic imides or lactams. They must be viewed 
as -compounds of the hydropyridines, and are called, therefore, 
Pyridones, The following formulae have been considered for the a- 
and y-hydroxypyridines : 


I. CH<f V 

\CH = CH — / 

a- H ydroxypyridine. 

yCH— C 0 \ 

II. CH< >NH 

a-Pyridone. 


yCH— CHv 

y - H ydroxypyridine, 

•y-Pyridone. 


Although it is undetermined which of the two possible representa- 
tions belongs to the free oxy-bodies, alkyl derivatives are obtained 
from both in which the alkyl residue replaces the imide or hydroxyl 
hydrogen (B. 24 , 3144). The following formulae should also be con- 
sidered for the a,ai-dioxypyTidines or glutaconimides : 


I.CH 


\CH=C(OH)/ 





(Compare the pyrazolones, the isoxazolones, benzimidazolones, 
indoxyl, isatin, etc.) 

The transformations of the A'-alkyl pyridones resemble those of the 
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antipyrines, yielding with PCI5 the halogen alkylates of the a- and y* 
chloro-pyridines. The latter with NaHO regenerate the AT-alkyl 
pyridones, and with potassium sulphydrate and selenide they yield 
AT-alkyl thio- and -seleno-pyridones respectively. This is why, in the 
case of the antipyrines as well as the AT-alkyl pyridones, the existence 
of a linkage-atom of oxygen has been supposed, making up the 

group RN—O— € (compare A. 331 , 245; B. 36 , 1062). 

(i) Monoxypyridines . — a-Hydro3cypyridine, a-Pyridone, C5H5OH 
melting at 106° and boiling at 281°, is obtained from hydroxyquinolinic 
acid and from hydroxynicotinic acid. Bromine water converts it into 
a dibromhydroxypyridine, C5H2Br2(OH)N, melting at 206°. With ethyl 

iodide it yields "N-ethyl-a-pyridone, boiling at 

247°, while the silver salt and the same reagent yield a-ethoxy- 

pyridine. boiling at 156°. a-M ethoxy pyridine 

can also be prepared from a-pyridone and diazomethane (B. 28, 1625). 

WAlkyl-a-pyridones are formed in general from the halogen alky- 
lates of the a-chloropyri dines with NaHO (see above), and from 
pyridine halogen alkylates by the action of NaHO and potassium ferri- 
cyanide (J. pr. Ch. [2], 84 , 435). By heating with phosphorus halides 
the Walkyl pyridones are transfoimed into a-halogen pyridines with 
elimination of halogen alkyl (B. 32 , 1297) : 

» CH /CH:50>CH._. 

i,3-Dimethyl-a*pyridone, pseudo - lutido - styril, mesitene lactam, 
m.p. 180°, is formed from dimethylcoumalin or mesitene lactone with 
NHg, and from its carboxylic acids; on nitration it is converted into 
a nitro-^sewii^o-lutido-styril, which can be reduced to smmo-pseudo- 
lutido -styril, C5(CH3)2(OH)(NH2)HN, m.p. 205^ (C. 1898, I. 848). 
a-Phenyl-ai-pyridone, m.p. 197^', from phenylcoumalin with ammonium 
acetate; aniline gives iVai-diphenyl-aj -pyridone, m.p. 145° (B. 29 , 
1677). 

i?-Hydroxypyridine, , melting at 124®, distils without 

decomposition. It is produced when i 5 -pyridine sulphonic acid is fused 
with caustic potash (B. 28 , R. 911), or by the action of nitrous acid 
upon i 5 -aminopyridine. Its ethyl ether, C5H4(OC2H5)N, results from the 
interaction of ^-brompyridine and alcoholic potash. 

y-Hydroxypyridine, y-Pyridone, C5H50N( 4-H20), melting at 148°, 
is produced by heating hydroxypicolinic acid and chelidamic acid. 
Methyl iodide converts it into the hydroiodide of AT-methyl-y- 

pyridone, melting at 89°. With diazo-methane 

it yields a mixture of AT-methyl-y-pyridone, and y-methoxy -pyridine, 
(C. 1906, I. 1439). This compound may be 

prepared by heating y-chlorpyridine with sodium ethylate. It boils 
at 190°, and, unlike its isomeride, is broken down when heated with 
hydnodic acid into methyl iodide and y-pyridone. 
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aa'-Dimethyl-y-ox3npyridine, y-Lutidone, C 5 (CH 3 ) 2 H 30 N( + ijH20), 
melting at 225®, is obtained from lutidone dicarboxylic acid (p. 179), 
as well as from dehydracetic acid on heating with ammonia (B. 28 , 
R. 644). With phenylhydrazine, y-lutidone yields a phenylhydrazone, 
(CyHgNjNNHCflHg, m.p. 125® (J. pr. Ch. [2], 64, 496). A^-Methyl-y* 
lutidone is also formed from y-chJorolutidine iodo-methylate with dilute 
NaHO (A. 331, 256). y-Ethoxylutidine, boiling at 207®, results upon 
diazotizing y-aminolutidine in alcoholic solution (B. 27 , 1328). For 
nitro- and amino-lutidone, see C. 1898, I. 1124. 

(2) Dioxypyridines . — aa'-Dihydroxypyridine,gZi^i 5 acommW^, C5H5O2N 
(I. 520), melting at i83®--i84®, is obtained from oxyglutarimide, 
glutaconamic acid, or glutacondiamide. Its salts [chloride, + HjjO; 
sulphate, + 2H2O) are decomposed by much water. It yields pyridine 
upon distillation with zinc dust. Phosphorus penta-chloride converts 
it into pentachloro-p3Tidine. 

a /^'-Dihydroxypyridine, m.p. 248®, distinguished by its blue colora- 
tion with ferric chloride, is obtained from ^-oxypyridine by soda fusion; 
by oxidation with MnOo and sulphuric acid it forms a pyridine quinone, 
C5H3O2N (C. 1898, I. 250). 

Several isomeric dioxy-pyridines have been obtained by fusing 
pyridine disulphonic acids with potash (B. 17, 1832), from comenaminic 
acid or dioxy-picolinic acid (B. 18, R. 633) by elimination of COg, etc. 

/i-Methyl-aa'-dihydroxypyridine, C5(CH3)H402N, melting at 191®, 
/9-Ethyl-, /9-Benzyl-dihydroxypyridiiie, etc., have been prepared by the 
action of ammonia upon methyl-, ethyl-, and benzyl-glutaconic esters 
(B. 26 , R. 318, 5 ^ 7 )- These dioxypyridines correspond to resorcinol of 
the benzene series, and like it they fonn dyes with phthalic anhydride 
(see B. 26 , 1559). 

ay-Dihydroxypicoline, m.p. 331®, is obtained from the synthetic 
dihydroxypicoline carboxylic acid. With N2O3 it yields a nitrosodihy- 
droxypicoline, which on treatment with stannous chloride and HCl gives 
a trihydroxypicoline, m.p. 264® (B. 32 , 1985; compare C. 1897, II. 490). 

(3) Trioxypyridines. — aa'y-Trihydroxypyridine, Triketopiperidine, 
QH5O3N, decomposes at 220® to 230®. It corresponds to phloroglucin. 
It can be obtained by boiling glutazine with hydrochloric acid. 
Heated with ammonia it reforms Glutazine, p-Imino-dutarimide, 

NH ; c<^j^*_^^>NH(?), melting with decomposition at 300®, which 

may be prepared by heating acetone dicarboxylic ester with ammonia 
(B. 20 , 2655). 

Pyro-mecazonic Acid is an isomeric trihydroxypyridine obtained 
from pyromeconic acid with ammonia. Ferric chloride colours it a 
dark indigo blue* 

7. Thiopyridines. — Mercaptans of the pyridine series are prepared, 
like the amines, from a- or y-halogen pyridines with alcoholic KSH 
solution (B. 33, 1556) ; a-pyridyl mercaptan, thio-pyridone, C5H5SN, 
yellow prisms, m.p. 125®, from a-chloropyridine, gives with iodine a 
bisulphide, (C5H4N)2S2, m.p. 58®; with nitric acid pyridinesulphonic 
acid; with methyl iodide methyl a-pyridyl sulphide, b.p. 197®; the 
latter is also formed by distillation from the iodomethylate of iV-methyl 
thio-pyridone, C 5 H 4 SN(CH 3 ), m.p. 90®; A/’ - methyl thiop5n:idone is 
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obtained from iV-methyl-a-pyridone with PgSg, and from iodo-p5n:idine 
iodo-methylate with KSH (see above). With potassium selenide 
the iodo-pyridine iodo-methylate yields iV-methyl-a-seleno-pyridone, 
C5H4SeN(CH3), m.p. 80°, the iodo-methylate of which gives rise to 
meUiyl-a-pyridyl-selenide, (C5H4N)SeCH3, b.p. 212°, on distillation 
(A. 331 , 245). 

aai-Lutidyl-y-mercaptan thio-lutidone, C5(CH3)3H3SN, m.p. 224°, 
from y-chloro-lutidine; lutidyl-sulphide,{C7H8N)2S, m.p. 83° ; bisulphide, 
m.p. 57°; with alkaline HgOg solution lutidine-y-sulphonic acid is 
obtained. AT-Methyl-thio-lutidone, C5(CH3)2H2SN(CH3), m.p. 268°, 
from y-chloro-lutidine iodo-methylate with KSH, gives with methyl 
iodide the iodo-methylate of methyl-y-lutidyl sulphide, (C7H8N)SCH3, 
m.p. 51°, b.p. 233°; by oxidation with chlorine water the N-methyl 
thio-lutidone gives a trioxide, C7H8N(CH3)S03 (A. 331 , 245). 

8. Pyridyl Alcohols. — These are sometimes called pyridyl alkines. 
They arise (i) in the aldol condensation of a-methyl pyridines with 
aldehydes on boiling with water; (2) from their HBr-esters, the homo- 
logous pyridines brominated in the side-chain; (3) by the reduction of 
the corresponding ketones. 

i? - Pyridylcarbinol, C5H4N[/5]CH20H, is obtained from its 
bromide, which results from the treatment of ) 3 -picoline with 
bromine at 150° (B. 33 , 3498) ; similarly, jS'a-picolyl-methyl- 
carbinol, C5H3(CH3)NCH(OH)CH3, b.p. 240*", is obtained from bromo- 
collidine on boiling with water (B. 28 , 1759). 

a-Pyridyl-ethyl-carbinol, C5H4N [a]CH(OH)C2H5, b.p. 2i3‘"-2i8°, 
tt- and y-pyridyl-phenyl-carbinol, C5H4N.CH(OH)C3H5, m.p. 82° and 
126°, are obtained by the reduction of a-pyridyl ethyl ketone and 
a- and y-pyridyl phenyl ketone respectively with Na amalgam 
(B. 37 , 1370). a-Pyridyl-dimethylcarbinol, C5H4N.C(OH)(CH3)2, m.p. 
51°, b.p. 204°, and a-pyridyl-diethylcarbinol, b.p. 24 153°, result 
from picolinic acid esters and alkyl magnesium haloids (B. 41 , 

4103). 

From a- and y-alkylated pyridines with aldehydes the following 
alkines are obtained (B. 22 , 2538; 23 , 2709; 34 , 2233; 35 , 1343; 36 , 
2904; 37 , 737; 39 , 1045; 42 , 132; A. 301 , 124): Methylol-a-picoline, 
Picolylalkine, (C5H4N)a-CH2CH2.0H, b.p.^ 115°, besides Dimethylol-a- 
picoline, (C5H4N)a-CH(CH2.0H)2, m.p. 78°, and Trimethylol-a-picoline, 
(C5H4N)a~C(CH20H)3,m.p.68°, on heating a-picoline with formaldehyde. 
Methylol-a-picoline heated with HBr and HI respectively gives a-bromo- 
and iodo-ethyl-pyridine, C5H4N-a-CH2CH2X, unstable oils which easily 

transpose into the cyclic pyridinium salts, ^ ^-P* 

213'' and 227°, of high melting-point, and are transformed with 
NHg and amines to a-pyrid-ethylamine, (C5H4N)a-CH2CH2NH2, b.p.^g 

91° (B. 37 , 161; 38 , 3329)- 

From y-picoline and formaldehyde we obtain Methylol-y-picoline, 
(C5H4N)y-CH2.CH20H, b.p.jg 126*^, and Trimethylol-y-picoline, 
(C5H4N)y-C(CH20H)3, m.p. i56°-i57°; from aa^-lutidine Methylol- and 
Dimethylol-lutidine, m.p. 55° and 74°; from jS-collidine, y-Dimethylol- 
collidine, [C5H3(C2H5)N]y-CH(CH20H)2, m.p. 103°; from a-ethyl- 
pyridine, Methylol-a-ethylpyridine, (C5H4N)a-CH(CH3)CH20H. 
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The iodide obtained from methylol-y-picoline with HI, like the 
a-iodo-ethyl pyridine, is transformed on heating into a dicyclic pyri- 
XH—CH. 

dininm salt, CHj.chAnj. (B. 42 , 124). On reduction with HI 

and phosphorus or zinc dust, these alkines yield the corresponding 
alkyl pyridines, and by oxidation pyridine carboxylic acids. Ethylol-a 
picoline, (C5H4N)a-CH2CH(OH)CH3, m.p. 32°, b.p.go 124°, and Benzylol- 
a-picoline, (C5H4N)a-CH2.CH(OH)C3H5, m.p. 97°, from picoline with 
acetaldehyde and benzaldehyde respectively. Trichlor-etbylol-a- 
picoline, m.p. 87°, from a-picoline with chloral. 

9. Pyridyl Ketones. — Ketones of the pyridine series are obtained 
in the distillation of pyridine carboxylic acids with fatty or aromatic 
acids (Engler, B. 24 , 2525), or by ring synthesis (B. 30 , 2295; 31 , 
1025). They yield secondary alcohols, together with pinacones, by 
reduction. 

a-Pyridyl methyl ketone, (CH3CO)C5H4N, boiling at 192°, is prepared 
from calcium picolinate and acetate. Its oxime melts at 120®. Its 
phenylhydrazone melts at 155°. For condensation products with aro- 
matic aldehydes, see B. 35 , 4061. 

^-P3rridyl methyl ketone, boiling at 220°, is obtained from 
calcium nicotinate and acetate, a - Picolyl - y - methyl ketone, 
C5H3(CH3)(C0CH3)N, boiling at 233'', results upon oxidizing the corre- 
sponding aJkine (B. 28 , 1764). 

a-Pyridyl ethyl ketone, (C2H5CO)C5H4N, boiling at 205°, is changed 
by sodium and amyl alcohol to a-ethyl piperyl alkine, C2H5CH(OH).- 
C5H9NH, and further into -coniine. 

Phenyl i^-pyridyl ketone, C3H5CO.C5H4N, b.p. 307° (B. 20 , 1209), 
from benzoyl picolinic or isonicotinic acid, gives two isomeric oximes, 
m.p. 142° and 162° (B. 29 , R. 832). Phenyl a- and y-pyridyl ketone, 
b.p. 317° and m.p. 72°, b.p. 315° respectively, by oxidation of the 
benzyl pyridines. /?/?2-Diacetyl-aa^-lutidine, C5H(COCH3)2(CH3)2N, m.p. 
74°, is obtained from methenyl-bisacetylacetone, (CH3CO)2CH.CH :- 
C(C0CH3)2, with ammonia, and by oxidation with NgOa* from its 
dihydro-derivative, resulting from methylene bisacetylacetone with 
NH3 (B. 30 , 2295; A. 297 , 71). In a similar manner, other pyridyl 
ketones were obtained from their synthetic dihydro-derivatives — e.g., 
y-phenyl-^/?]-diacetyllutidine, m.p. 188®, from benzal-acetonylacetone 
with amino-acetylacetone (B. 31 , 1026). 

^-Nitrophenyl a-picolyl ketone, NO2C3H4COCH2WC5H4N, m.p. 
160®, from the corresponding alkine (B. 35 , 1165). a-Acetacetyl 
psrridine, (C5H4N)COCH2COCH3, m.p. 50°, b.p.^g I37°~i43°, from pico- 
linic acid ester, acetone, and sodium ethylate (B. 29 , R. 846) ; and from 
nicotinic and zsonicotinic acid ester: /?- and y-acetacetylpyridine 
(M. 22, 615). 

10. Pyridine Carboxylic Acids. — These acids of pyridine result upon 
oxidizing the homologous pyridines with potassium permanganate, 
when alkyl as well as phenyl groups are converted into carboxyl. 
The condensed pyridine derivatives — e.g., quinoline, isoquinoline, etc. 
— are similarly decomposed, the benzene rings being ruptured and 
oxidized to carboxyl. Hence, most alkaloids, being pyridine deriva- 
tives, yield these acids upon energetic oxidation. 
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For the separation of the acids obtained from mixtures of pyridine 
bases, see B. 83 , 1225, etc. 

The lower acids can be prepared from the pyridine polycarboxylic 
acids by heating them with hydrochloric acid. Usually, in this treat- 
ment it is the COOH-groups, occupying the a-position, which are split 
off. Upon heating with lime all the carboxyl groups are eliminated 
and p5n:idine is formed. 

The pyridine carboxylic acids, like the other p5a'idine deriva* 
tives, are reduced by sodium and alcohol to piperidine carboxylic 
acids. 

A number of pyridine, carboxylic acids are reduced by sodium 
amalgam in aqueous-alkaline solution to lactonic acids of the 
fatty series. The group — CH=N — CH= is then converted into 
— CO — O — CHg — (B. 25 , R. 904; 26 , R. 8; 27 , R. 193, etc.). 

As the pyridines are bases, their acids manifest the character of 
amino-acids. The basic properties disappear with the polycarboxylic 
acids. On heating with iodine alkyls in soda solution the pyridine 
carboxylic acids yield betaine (B. 36 , 616). 

The methods of determining position or place in the monocarboxylic 
acids have been given on p. 165. Of the dicarboxylic acids, quinolinic 
acid, because of its formation from quinoline, must be the a,jff-dicar- 
boxylic acid, and cinchomeronic acid, because of its production 
from isoquinoline, must be the ) 5 ,y-dicarboxylic acid. 

A. Pyridine-mono-carboxylic Acids : 

a-Pyridinecarboxylic acid, Picolinic acid, C5H4N(C02H), is obtained 
by the oxidation of a-picoline. It melts at I35°~i36°, and sublimes. 
Ferrous sulphate imparts to its solutions, as well as to those of all 
pyridine carboxylic acids having the carboxyl group in the a-position," 
a yellow-red colour. 

Ethyl ester, b.p. 243°; chloride, m.p. 220°; amide, m.p. 107°; 
nitrile, m.p. 29°, b.p. 2i2°-2i5® (C. 1902, II. 373, 649). 

iS-Pyri^necarboxylic acid. Nicotinic acid, was first obtained by 
oxidizing nicotine. It is also prepared from / 3 -picoline, as well as from 
)S-cyanpyridine. It melts at 228'^-229°. Its iodomethylate forms a 
I 1 

betaine, C5H4(COO)N .CH3, which is identical with the alkaloid trigonelline, 
a'-Chlornicotinic Acid, melting at 199°, is obtained from hydroxynico- 
tinic acid, and when heated with ammonia becomes a -Aminonicotinic 
Acid, which changes to a-ami nopyridine on heating, and by nitration 
yields a -nitroaminonicotinic acid, melting at 280°. The reduction of 
the latter yields /3'a'-diaminonicotinic acid, a -Aminonicotinic Acid, 
from quinolinamic acid, also yields a-aminopyridine on the application 
of heat, and by nitration becomes nitroaminonicotinic acid (B. 27 , 
1317; A. 288 , 253). 

With hydrazine the a'-chloro-nicotinic acid gives a'-hydrazino- 
nicotinic acid, COOH [2] C5H3N [sjNHNHg, m.p. 283°, which, on boiling 
with formic acid, yields the so-called benzg- triazole carboxylic acid; and 

with NOoH benzo-tetrazole carboxylic acid, 

HOCOC=CH — N — 

HC=CH— C=N\ 

HOCOC=CH— N— n/^’ 



176 ORGANIC CHEMISTRY 

On oxidation these acids yield triazole and tetrazole respectively 
(B. 36 , nil). 

y-Pyridinecarboxylic acid, tsonicotinic acid, m.p. 304°, from y-methyl 
pyridine or from cinchomeronic acid by elimination of COg (C. 1900, 
II. 482); chloride, m.p. 270° (C. 1901, I. 1052). Ethyl ester, b.p. 218°, 
gives by decomposition of its iodo-ethylate isonicotinic acid ethyl 
betame, m.p. 241° with dec. ; amide, m.p. 155°; nitrile, m.p. 79° (C. 1902, 
II. 649). 

Homologous Pyridine Mono'carboxylic Acids , — a-Methyl-a|-pyridine- 
carboxylic acid, C5H3N[aiaJ(CH3)C02H, m.p. 85°, from aci-lutidine 
(B. 33, 1081, 1230); y-methyl-a-pyridinecarboxyhc acid, capable of 
sublimation, is formed from uvitoninic acid (see below) by elimination 
of COg. y-Methylnicotinic acid, m.p. 210°, from y-melhylquinolinic 
acid on rejection of COg, condenses with formaldehyde to the dioxy- 

lactone, 0CHgC(CH20H)2[3]C6H3N[2]C0 (B. 34, 4336). ay-Dimethyl- 
nicotinic acid, C5(CH3)2HgN .C02H( + 2H2O), is formed as an ester from 
aceto-acetic acid with 2 mols. acetaldehyde and NH3 by method (2). 
y-Chloro-a'i3-dimethylnicotinic acid, C5HCl(CH3)2N[i0JCO2H, m.p. 
168° to 170°, results from ) 5 -aminocro tonic acid ester (Vol. I.) by 
heating with POCI3. It is transformed, with hydrazine and phenyl 
hydrazine, to hydrazine derivatives, which yield bicyclic pyrazolones 
with elimination of HgO (B. 36, 515; A. 366, 324). 

aai-Diphenyl-r-pyridinecarboxylic acid, m.p. 279°, from diphen- 
acyl-acetic acid with NH3 (C. 1903, I. 1362). 

B. Pyridine Dicarboxylic Acids: 

ai5-Pyridinedicarboxylic acid, Quinolinic acid, C5H3N(COOH)g, melt- 
ing at 190° with decomposition, is obtained from quinoline and 
from a- and / 5 -methyl-quinoline by oxidation with potassium per- 
manganate (B. 19 , 293). The oxidation of ^-hydroxy quinoline with 
bleaching lime yields an intermediate product, carboxypyridylgly ceric 

acid, ^6^8^ '^qH(OH) CH(0H)C00H' which changes with ease to 

acetonicotinic acid, (compare B. 26 , 1501, and decom- 

position of / 5 -naphthol and naphtho-quinone.) 

The anhydride melts at 134'’ and the imide at 230° (A. 288 , 257). 

On the esterification of quinolinic acid, see M. 29 , 227. The iodo- 
methylate of the anhydride gives on treatment with AggO and water 

i I 

quinolinic acid methyl- /^-betame, OCO[/5](COOH)[a]C5H3N(CH3); with 
benzene and AICI3 the anhydride yields / 5 -benzoyl picolinic acid, 
C 5 H 3 N[/ 5 ]COCeH 3 [a]COOH (M. 27 , 371; 32 , 747). 

2 , 3 -Pyridin-dicarboxyhc acid, Cinchomeronic acid, m.p. 266° with 
decomposition, from cinchonine, cinchonidine, and quinine (compare 
C. 1900, II. 482), with nitric acid from isoquinoline with KMn04, etc.; 
by reduction with sodium amalgam it gives cinchonic acid, C^HgOg, 
which decomposes on heating into CO2 and pyrO'cinchonic acid or 
dimethyl-maleic acid anhydride (B. 18 , 2968). Cinchomeronic acid 
anhydride, m.p. 67°, yields with methyl alcohol the y-methyl-ester 
acid, C5H3N[/5]C0gH[7]C02CH3, m.p. 173°, which on being transformed 
into y-amino acid (compare B. 35 , 2841) and further transposition with 
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KOBr yields y-amino-nicotinic acid. From the dimethyl ester, 
b.p.gg we obtain by a partial saponification )5-methyl- 

ester acid, C5H3N[y]C02H[^]C02CH3. The y-ester acid, on treating 
it with ICH3 and silver oxide, gives the methyl-ester of apophyllenic 

. |— I 

acidy 0.C0[/9]C02CH3[y]C5H3NCH3 (compare Narcotine), whereas the 
/?-ester acid gives the methyl ester of the isomeric methyl-y-betame 
cinchomeronic acid (C. 1903, II. 888). With benzene and AICI3 
the anhydride gives a mixture of y-benzoyl-nicotinic acid and p- 
benzoyl-zsonicotinic acid (M. 30 , 355). 

Cinchomeronimide, m.p. 230°, gives with alkali hypobromite 
^-amino-zsonicotinic acid, which, like anthranilic acid, tends to the 
formation of heterocyclic ortho condensation products (B. 35 , 2836); 
a reduction of the imide with tin and hydrochloric acid gives cincho- 
meronimidine, >nh, m.p. i99“-2oo°. 

Cinchomeryl-glycine ester^ C5H3N(C0)2NCH2C02R, from potassium 
cinchomeronimide with chloracetic ester, is transposed like phthalyl- 
glycine ester by sodium ethylate into a derivative of the so-called 
copyrine (a twin nucleus of pyridine), dioxy-cop 3 rrine-carboxylic ester, 

% splitting off the carboxyl group the 

latter has been converted into dioxy-copyrine, and by heating with 
HI and phosphorus into y-ethyl-nicotinic acid (B. 35 , 1358, 2831; 
compare B. 37 , 2129). 

ay-Pyridinedicarboxylic acid, Lutidinic acid, C5H3N(C02H)2 + 2H2O, 
235° (A. 247 , 37). a^'-Pyridinedicarboxylic acid, Isocinchomeronic 
acid, crystallizes with i to i| H2O, m.p. 236° (B. 19 , 1311). aa'-Pyridine- 
dicarboxylic acid, Dipicolinic acid, m.p. 225° (A. 247 , 33). ^/S'-Pyridine- 
dicarboxylic acid, Dinicotinic acid, m.p. 314° (B. 19 , 286). 

Homologous Pyridine-dicarboxylic Acids. — y-Methyl-quinolinic acid, 
lepidinic acid, C5(CH3)H2N(C02H)2, m.p. 186° with decomposition, 
from y-methyl-quinoline (Lepidine), or better from Bz-hydroxy-a- 
chloro-lepidine, by oxidation with KMn04. The first body produced 
is a-chloro-lepidinic acid, which is reduced to lepidinic acid by HI 
and phosphorus (B. 31 , 796). 

a-Methyl-pyridine-a'y-dJcarboxylic acid, Uvitonic acid, €5(0^3)- 
H2N(C02H)2, m.p. 244°, is formed by the action of alcoholic ammonia 
upon pyroracemic acid. 

Lutidine-dicarboxylic acid, aa' -dimethyl- p p' -pyridine -dicarboxylic 
acid, C5H(CH3)2N(C02H)2, m.p. 316°, from methenyl-bis-aceto-acetic 
ester with ammonia, or by oxidation with NgOg from its dihydro- 
derivative obtained from methylene-bis-aceto acetic ester with am- 
monia (A. 241 , 31; 281 , 94); hydrazide and azide (see B. 33 , 1114). 

Trimethyl-quinolinic acid, C5(CH3)3N[i,2](COOH)2, m.p. 195° with 
dec., is formed by the oxidation of the so-called trimethyl-quinolide, 
m.p. 152°, which results from the pseudo-oxime of keto-hexenyl-tetronic 
acid, the condensation product of tetronic acid with mesityl- oxide: 

CH 3 C.N( 0 H)-C.CH,\ _h,0 , CH3C-N=^C.CH3\^ 

HC.C(CH3)j.C.CO/ ^ ^CH3C.C(CH3) :C.C 0 / 

Trimethyl-quinolide^ 
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The trimethyl quinolinic acid, on further oxidation, yields 
dimethyl pyridine-a/?/?'-tricarboxylic acid and y-methyl-pyridine- 
tetracarboxylic acid, which by rejection of COg yield various 
other carboxylic acids (A. 322 , 351). 

(aaV)-Trimethyl-pyridine-(i?/ 5 ')-dicarboxylic Acid, Collidincdicar- 
hoxylic Acid, C5(CH3)3N(C02H)2. The diethyl ester is prepared 
by the oxidation of dihydro-collidiiie dicarboxylic ester in alcoholic 
solution with nitrous acid. It is the foundation substance for the 
preparation of a series of higher and lower pyridine carboxylic 
acids. 

C. Pyridine Tricarboxylic Acids. — aj^y-Psnidinetricarboxylic Acid, 
Carho-cinchomeronic Acid, C5HoN(COOH)3 -filHgO, melting at 250°, 
results upon oxidizing quinine, cinchonine, various decomposition 
products of these alkaloids, and y-methyl quinolinic acid, etc., with 
potassium permanganate. Consult C. 1897, II. 308, for the esterifica- 
tion of this acid. aa'y-Pyridinetricarboxylic acid, melting with de- 
composition at 145°, is obtained from symmetrical collidine or from 
uvitonic acid (A. € 28 , 29). a^^V-Pyridinetricarboxylic Berheronic 
Acid, obtained by the action of nitric acid upon the alkaloid berberine, 
melts at 235° (B. 25 , R. 582). 1,2,5-Pyridinetricarboxylic acid, 

( + 2H2O), decomposes at 130° (B. 19 , 1309). 

D. Pyridine Tetracarhoxylic Acids. — aa'/5y-Pyridinetetracarboxylic 
Acid, Cr,HN(COOH^4( 4-2H2O), melting at 227°, is obtained from colli- 
dine carboxylic acids or from flavenol (p. 195), a quinoline derivative 
(B. 17 , 2927). Consult B. 19 , 1309, for the aa p[^'-acid, etc. 

E. Pyridinepentacarboxylic Acid, C5N(C02H)- + 2 H 2 O, decomposing 
at 220°, is formed by the oxidation of collidine dicarboxylic acids. 

II. Oxypyridine Carboxylic Acids. — ^The views expressed on p. 170 
relative to the oxypyridines or pyridones apply to the constitution of 
the oxypyridine carboxylic acids. The latter are obtained with remark- 
able ease from the corresponding pyrone carboxylic acids by the action 
of ammonia. When heated they break down, as a rule, quite readily 
into carbon dioxide and pyridones. 

A. Monoxy pyridine Carboxylic Acids. — a-Hydroxypyridine-^'-carb- 
oxylic Acid, Oxynicotinic Acid, C5H40N(C00H), melting at 303°, is 
produced when ammonia acts upon coumalic acid ester, and by the 
elimination of carbon dioxide from hydroxyquinolinic acid. 

^-Hydroxypyridine-i^-carboxylicAcid, melting with decomposition at 
255°, is made from i-aminonicotinic acid (p. 175), and in various other 
ways (A. 288 , 265; M. 9 , 145). y-Hydroxypyridin8-/9-carboxylic Acid, 
Oxynicotinic Acid, ( -f HoO), melting at 250^, is produced by the action 
of ammonia upon comanic acid. a-Hydroxypyridine-a'/ 5 -dicarboxylic 
Acid, Oxy quinolinic Acid, C5H30N(C00H)2, decomposing at 254°, is 
obtained from quinolinic acid by the potash fusion, or from its methyl 
ether, methoxyquinolinic acid, melting at 140°, which results when potas- 
sium permanganate acts upon amidocarbostyril ether. a-Oxylepidinic 
acid, C5H20N(CH3)(C00H)2, from dioxylepidine (B. 31 , 802). y-Hy- 
droxypyridine-aa'- 3 icarboxylic Acid, Ammonchelidonic Acid, Chelidamic 
Acid, is obtained by the action of ammonia upon chelidonic acid. 

ay-Dimethyl-a'-hydroxypyridine-i^-carboxylic Acid, Pseudo4utido- 
styrilCarboxylic Acid, C5(CH3)2H20N(C00H), results upon heating HCl- 
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i^-aminocrotonic ester to 130® (B. 24 , R. 632). iV-Phenyllutidone 
carboxylic acid, C5H(CH3)2(CgH5)ON(COOH), is similarly produced, 
together with y-oxyquinaldine, upon heating j^-anilinocrotonic ester. 
aa'-Lutidone-i^^'-dicarboxylic Acid, C5(CH3)2HON(COOH)2, melting at 
267®, results when ammonia acts upon dimethyl pyrone dicarboxylic 
ester. Pentachloride of phosphorus converts it into y-chlorolutidine 
dicarboxylic acid, melting at 224®, which yields y-aminolutidine 
dicarboxylic acid with ammonia at 130® (B. 27 , 1323). 

B. Dioxypyridine Carboxylic Acids, — Dihydroxypicolinic Acid, 
C5H402N(C00H), Comenamic Acid, is derived from comenic acid by 
heating with ammonia. 

a'y-Dihydroxypicoline-/i'-carboxylic acid, C5H3(CH ,)02N(C02H), is 
obtained as an ester by sodium ethylate condensation of malonic ester 
(i mol.) with / 5 -aminocrotonic acid ester (i mol.). 

aa' -Dihydroxy-nicotinic acid, m.p. 198®, from isaconitic acid ester, 
(C00R)2CH.CH : CHCOgR, with NH3, with PCI5 gives dichloronicotinic 
acid, m.p. 144® (J. pr. Ch. 2, 58 , 433). 

1,5-Dihydroxy-dinicotinic acid, C5H302N(C02H)2, is obtained as ester 
and ether from dicyano-glutaconic acid ester, C02RC(CN): CH.CH- 
(CN)C02R, and from ethoxy-coumalinic acid ester with NH3. It yields 
dichloro-dinicotinic acid ester, m.p. 76® (B. 31 , 1241; 32 , 779; C. 1898, 
1 . 1131; A. 297 , 87). aa'-Dihydroxynicotinic acid, citrazinic acid, by 
heating citramide, CONH2C(OH)(CH2CONH2)2, with H2SO4; for the 
conversion of citrazinic acid into dichloro- and di-iodzsonicotinic acid, 
see C. 1900, 1 . 818. aa^-Dichloro-isonicotinic acid with aniline forms 
aai-dianilino-tsonicotinic acid, and with potassium sulphydrate dithio- 
isonicotinic acid, C5H2N(SH)2C02H, m.p. 230® (B. 35 , 2933). With 
chloroform and alkali citrazinic acid has been made to yield a di- 
hydroxy-pyridine-aldehydo-carboxylic acid (B. 29 , R. 1105). 

a-MethyW/5'-dihydroxy-z5o-nicotinic acid, from chloracetone, oxalo- 
acetic ester, and NH3. 

12. Pyridyl-substituted acids of the fatty series are known 
in but small numbers. a/ 3 j 5 '-Trichloropyridyl-y-acetic acid, 
(C5Cl3HN)CH2C02H, m.p. 145°, by transformation of tetrachloro- 
pyridine with Na-malonic ester to trichloropyridylmalonic ester, m.p. 
64®, and breaking up of the latter, gives methyltrichloropyridine on 
superheating (C. 1903, I. 1141). Some pyridyl lactic acids have been 
examined with regard to their connection with alkaloids. Picolyl-a- 
lactic acid, [C5(CH3)H3N]C(OH)(CH3)COOH, is obtained by saponifica- 
tion from its nitrile, the cyano-hydrin of picolyl methyl ketone 
(B. 28 , 1765). 

/?,i-Pyridyl-lactic Acid, C5H4N.CH2CH(OH)COOH, melting at 
125°, is prepared by decomposing its ortho-chloride, chloral-picoline, 
C5H4NCH2CH(OH)CCl3, with soda, whereas with alcoholic potash the 
product is — 

Pyridyl-a-acrylic acid, C5H4N.CH: CH.COOH. Bromine converts 
this acid into pyridyldibromopropionic acid, and hydrobromic acid 
changes it to pyrxdylmonohromopropionic acid, C5H4 . CHBr . CH2 . COOH 
(A. 265 , 221; C. 1902, 1 . 1232). a,2-Picolyl acrylic acid, [€5(0113) H3N]- 
CH(: CH2)C00H, is obtained from picolylbromopropionic acid, the 
reaction product of PBrj and picolyl-a-lactic acid. 
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a-, P-, and 7-Pyridoylacetic ester, (C5H4N)C0CH2.C02C2H5, are 
formed from the pyridine carboxylic esters with acetic ester and 
sodium ethylate; they show the well-known transformations of the 
i^-ketonic acid esters (B. 34 , 4234). 

HYDROPYRIDINE DERIVATIVES. 

The reduction of the pyridines with zinc and HCl, or, better, with 
sodium and boiling alcohols, or by electrolysis (B. 29 , R. 1122; C. 1897, 

l. 388), produces hydropyridines, and especially the hydrated bodies 
called piperidines, 

{a) Dihydro-pyridine derivatives are obtained in the pyridine syn- 
theses from aldehydes with ^-diketo-compounds and NH^. Compare Di- 
hydro-collidine dicarhoxylic ester, dihydro-lutidine dicarhoxylic ester (from 
formaldehyde, aceto-acetic ester, and NH3), dihydrodiacetyl-lutidine, 

etc. ; Dihydro - diacetylcollidine, CHgCH <qQOQH *j • C(CH^) 

m. p. 152°, is formed from ethylidene acetylacetone with amino- 

acetylacetone. By oxidation with NgO^ or dilute nitric acid these 
dihydro-derivatives are usually dehydrated with ease, pyridines 
being formed. The dihydro-lutidine dicarhoxylic ester is partly 
dehydrated on merely treating with HCl. Lutidine dicarhoxylic ester 
is thus formed, while another portion is hydrated to hexahydro- 
lutidine dicarhoxylic ester (B. 35 , 1788). On boiling with alkalies the 
dihydro-pyridines are split up with formation of NH3; some of the 
products undergo carbo-cyclic condensation. Dihydro-collidine di- 
carboxylic ester gives 3 , 5 -dimethyl-A 2 -cyc/o-hexenone ; concentrated 
alkalies disintegrate dihydro-collidine dicarhoxylic ester to mono- 
carboxylic ester, and further to dihydro-collidine (B. 31 , 1025, 1033). 
Some dihydro-pyridines have been obtained as easily resinified liquids 
of penetrating odour from alkyl pyridinium iodides by treatment 
with potash (B. 14 , 1497). On the formation of trimethyl dihydro- 
pyridine from the oxime of methylheptenone with P2O5, see 
A. 319 , 77. , . • . . 

(6) Tetrahydropyridines. — Piperideines are formed, besides large 
quantities of piperidines, during the reduction of pyridine with sodium 
and alcohol. They can be isolated by means of their dibromides, from 
which they are easily regenerated by reduction with zinc dust and 
sulphuric acid. The bases so obtained are probably A^-piperideines. 
They are reduced with great difficulty, and only by means of HI 
and phosphorus, to saturated piperidines. With acid chlorides and 
NaHO they yield A^-acyl compounds in the usual way (B. 38 , 3042, 
3928; 40 , 3199). 

Quite a difterent behaviour is shown by the A“- tetrahydropyridines 
(Lipp, A. 289 , 173; 294 , 135; cf. A. 304 , 54; B. 32 , 61) : 

CHjj.CH^Br NHg CH^CHa.NH 

CH2.CH2.COCH3 ^CHa.CHrCCHs 

They are obtained synthetically from the unstable 8-amino- 
ketones, or from 8-bromo-ketones with NH3 or primary amines. 

They are reduced to the corresponding piperidines by merely treating 
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them with tin and HCl, and are easily split up to S-amino-ketone 
derivatives — e.g., with benzoyl chloride and NaHO. This splitting 
occurs with special ease in the AT-alkylated and A-arylated 
piperidemes, so that, e.g., AT-phenyl-A^^-pipecoleine is only stable in 
the form of its salts. The and A^-piperide’ines therefore corre- 
spond to the 2,5- and 3,4-dihydro-pyrrols respectively. 

i5-Ethylpiperideme,b.p. 158°, je?-Ethyl-7-methylpiperideine,b.p. 177°, 
and a-Methyl-i^i-ethylpiperideine, from the corresponding pyridines 
with N a and alcohol. 

A“-Tetrahydropicoline, Pipecoleme, C^H^iN, b.p. 132°, is reduced 
by tin and HCl to pipecoline, and is split up by benzoyl cliloride and 
NaHO to S-benzoylamino-butyl methyl ketone, and by nitrous acid 
to y-acetobutyl alcohol (A. 289 , 173; B. 42 , 1242). a-Phenyl-A«- 
piperideine, m.p. ca. 18°, b.p. 276°, from 5 -amino-valerophenonc 
(B. 41 , 2010). a,i5-Dimethyl-A^-piperideine, b.p. 155°, A-Methyl- 
A"-pipecoleine, b.p. 146°, gives, with bcnzoybchloride and NaHO, 
the benzoyl compound, and with hydroxyl amine and semicar b azide 
the oxime and semicarbazone respectively of S-methyl-amino- 
butyl methyl ketone. This easy break-up also explains the remark- 
able action of formaldehyde upon iV-methyl-pipecoleine, leading to 
V-methyl-^^-acetylpiperidine, which may be interpreted as follows : 

CU,— CH, — CH CHg.CHa.ClIj.COCHa CHg— CHa~CH . COCHg CH^— CHg— CH.COCII3 
CH2.N(CH3).C.CH3 CH2.NHCH3 CHa.NHCUg CH2OH CHa.NCCHj) .CII 

a-iV-Propyl-A“-piperideine is known as y-Coniceine. On Piperideine 

from piperidine oxide, see B. 25 , 2782. An isomeric tetrahydro- 
pyridine is obtained from piperidine sulphonic acid by fusion with 
potash (B. 34 , 2761). On a tetrahydro-pyridine from methyl hep- 
tenyl-amine, see B. 38 , 2803. 

Keto-derivatives of di- and tetrahydro-pyridines are represented by 
the V-alkyl derivatives of the pyridones and dioxy-pyridines or gluta- 
conimides (see above). 

^-Aldehydes of A^-piperideine are obtained in the hydrolysis of 
imino-dipropionic acetal (Vol. I.) and its iV-alkyl substitution products 
by the intramolecular condensation of the primary imino-dipropionic 
aldehyde (B. 38 , 4154; 40 , 4679): 

NH.CHjj.CHa.CIiO NHXH2.CH.CHO 

CH2.CH2.CHO CH2.CH2.CH 

A/^-Piperideine-i^-aldehyde only exists in a polymolecular amor- 
phous form. Its hydrochloride melts at 145° with dec., its ^-benzoyl 
compound at 91°. Its oxime, m.p. 145°, on being dehydrated with 
SOCI2, yields A^-piperideine-i^-nitrile, b.p.Q.g 48°, from which racemic 
cincholoiponic acid is obtained by the addition of sodium malonic 
ester and saponification. 

V-Methyl-A^-piperideme-/5-aldehyde, b.p.0.17 4o°-43°, has an odour 
resembling amine. 

The methyl- A^-piperideine-i^-nitrile, obtained by way of the oxime, 
yields on saponification the adkaloid arecaidin. A^-Ethyl-A/^-piperi- 
deine-iff-aldehyde, b.p.Q.oe 53°- 
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(c) Hexahydropyridines, Piperidines , — ^Hexabydropyridine, Piperidine, 
Pentamethylene imine, boiling at io6’2° (A. 345 , 

277), is a liquid dissolving quite readily in water and in alcohol. 
Its odour is like that of pepper. It occurs attached to piperic acid 
(p. 285) as piperine in pepper, and is produced when piperine is heated 
together with alcoholic potash. It may be synthesized (i) by heating 
pentamethylenediamine hydrochloride; (2) by heating e-chlor- and 
e~bromamylamine with caustic potash (previously mentioned); and 
(3) by the reduction of pyridine, into which it passes when heated with 
sulphuric acid to 300°, or, better, with nitrobenzene to 260°, or by 
boiling with silver oxide or silver acetate in glacial acetic acid (B. 26 , 
1620). 

Decomposition of Piperidine. — The piperidine ring is ruptured in 
the following reactions : 

1. When piperidine is heated to 300° with hydriodic acid it is con- 
verted into ammonia and n-pentane. 

2. The oxidation of benzoylpiperidine (i) with potassium perman- 
ganate produces 6 -benzoylamino-n- valerianic acid (2), which, with 
caustic potash, produces S-amino-n-valerianic acid (3) or homo- 
piperidinic acid (B. 17 , 2544) ; but* piperidyl urethane, oxidized with 
nitric acid, yields carboxethyl-aminobutyric acid, which, with caustic 
potash, gives y-amino-butyric acid or piperidinic acid : 


/CHj.CH 




/CH,.CH,NHCOC«H. i?'- 




\CH..CO,H 


3. On heating benzoylpiperidine with PCI5, the benzoyl-piperide 
chloride (i) first formed is split up to €-chloramyl-benzimide cldoride 
(2), which, on distillation, breaks up into ae-dichloro- pentane (3) 
and benzo-nitrile (v. Braun, B. 37 , 2915, 3210; 44 , 1039): 


(r} yCHg.CIIjN. 

CH / NNCClaCgHc 

^CHa.CUa/ 


(2) /ClIa-CHaN : CClCgllg 

XCHo.CH.Cl 


(3) /CHa-CHaCl 
"‘Kch ch 


Compare the analogous action of PCl^ upon dimethyl benzamide. 

4. The iV-alkyl and A'-amylpiperidiiics are split up by cyanogen 
bromide to €-bromamyl-cyanalkylamines (B. 40 , 3914) : 


CH 




R- 


Br.CN 


pu /^CH2 — CHjBr 

“ \CH,— CH N (R)CN 


The ease of decomposition depends upon the radicle attached to the 
nitrogen. 

5. Piperidine and methyl iodide form dimethylpiperidinium iodide 
(i), which moist silver oxide converts into dimethylpiperidinium 
hydroxide (2). This breaks down, on distillation, into dimethylpi- 
peridine, the A^-pentenyldimethylamine (3) and water. If A^-pentenyl- 
dimethylamine be converted into A«-pentenyltrimethylammonium 
hydroxide (4), and the latter be distilled, it will break down into pipery- 
lene or A«y-pentadiene(5), trimethylamine, and water (A. W. Hofmann, 
Ladenburg, B. 16 , 2058, and 42,2532; compare the decomposition of 
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the pyrrolidines). The diagram affords a review of the preceding de- 
composition reactions : 


(I) CH3CH3I (2) CH3CH3OH (3) CH3CH3 (4) CH3CH3CH3 

\ I / \ I / \ I \ I 

N N N NOH > (5) NfCHj), 

CHj CHa CH3 CHa CH3 CHa — > CHg CH, CHg CH, 

1 I — > 1 I — > I II I II II I 

CH3 CH3 CHa CHa CHa CH CHa CH CH CH 

\/ \/ \/ X/" \/ 

CHa CHa CHa CH, CH 

Piperidine Derivatives. — As an imide base, piperidine is capable of 
forming a iiitroso-compound, N-alkyl, and N-acyl derivatives. On 
the physiological action of piperidine derivatives, see B. 34, 2408. 

Nitroso-piperidinejCgHiQN.NO, b.p. 218°, from piperidine with nitrous 
acid, is converted by reduction into piperyl-hydrazine, C.H.oN.NH^, 
b.p. 146°, which, on oxidation, yields dipiperidyl tetrazone 
m.p. 45^ (compare C. 1905, I. 1260). On the decomposition of nitroso- 
piperidine and its homologues by electrolysis, see B. 31, 2272, 2276. 

AT-Methylpiperidine, C5H10NCH3, b.p. 107°; V-Ethyl-, V-Propyl-, 
V-tsoAmylpiperidine, b.p. 128^', 149®, and 187°; V-Benzylpiperidine, 
b.p. 245° (B. 32, 2507); iV-Allylpiperidine, b.p. 152° (C. 1899, I. 1066). 
iV-Phenylpiperidine, b.p. 258°, from ac-dibromo-pentane and aniline, 
is, curiously enough, also obtained by heating piperidine with bromo- 
and iodo-benzene (compare B. 21, 1921; 23, 1388); N,a- and 
naphthyl-piperidine, b.p.35 215"" and m.p. 58° respectively, from the 
naphthols with piperidine (B. 29, 1175). 

By oxidation with H2O.2 piperidine is converted into its oxide, 
C5H10: NH: O or CgHit,: N.OH, m.p. 39°, b.p. 55 no*"; this, with phenyl 
isocyanate, gives an o-carhanilido derivative, N.OCONHCgHg, 

but on alkylation it gives V-alkyl-piperidine oxides, which are also ob- 
tained direct from the V-alkyl-piperidines with HgOg, and correspond to 
the dialkyl aniline oxides : V-Methyl-piperidine oxide, C5H1Q : N(CH3) : O, 
V-propyl-piperidine oxide, m.p. 105°, V-benzyl-piperidine oxide, 
m.p. 148°. On heating with acids they easily give up their oxygen 
and regenerate the piperidines; on heating alone the V-alkyl-piperidine 
oxides break up into piperidine oxide and olefines (B. 37, 3228), 

On heating iV()3-chlorethyl) piperidine, iV(7-bromopropyl) piperidine, 
etc., the isomeric dicyclic ammonium salts are obtained (B. 32, 850; 
34, 357; 39, 2875, 4347; 40, 424; 42, 545): 


CH 


/CHg.CHa' 

XCHo.CH 


^>N< 

“ Cl 


CHj 

\CHo 


CH 


/CH3.CH3\ //CH3\ 

"XCHg.CH,/. XcHg/ 


CHj u. s. w. 


Similar compounds, with a bearing upon the stereo-chemistry 
nitrogen, have been obtained from ethylenedipipendine, C5H13N.C] 
CH2NC3H10, m.p. 4°, b.p. 263°, by combination with alkylene dib 
mides (B. 32, 988; 35, 3047; C. 1904, I. 673) : 


CH3/ . CHg/' 

Br Br Br Br 
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Ethylene dipiperidinc with trimethylene bromide, and trimethylene 
dipiperidine with ethylene bromide, give stereo-isomeric inactive 
compounds (compare B. 44, 480). 

iV-Piperidyl-acetaldehyde, CgHj^jN.CHgCHO, m.p. 103° (B. 34, 
2541). A-Piperidylacetone, C5H10N . CH2COCH3 (C. 1900, II. 582). 
iV-Piperidylacetic acid, CgH^oN . CH2CO2H + HgO, and homologues (B. 
31, 2839; 32, 722). 

iV-Acetylpiperidine, C^H^oNCOCHg, boils at 226°. iV-Benzoylpiperi- 
dine, CgHi^NCOCgHg, melting at 48°, condenses when heated with ben- 
zaldehyde to dibenzyl-pyridine. Piperidylurethane, C5HiqNC02C2H5, 
boils at 211° (compare also C. 1898, 1. 257). The oxidation of ben- 
zoylpiperidine and piperylure thane leads to the rupture of the piperi- 
dine nucleus. Pipeline, the alkaloid, is the piperide of piperic acid. 

The homologous piperidines result when the homologous pyri dines 
are reduced with sodium and alcohol. They are called pipecolines, 
C5H,(CH3)NH, lupetidines, C3Hg(CH3)2NH, copellidines, C,H8(CH3)- 
(CgHsl^H, etc. (compare B. 28 , 2270). 

The alkyl piperidines contain asymmetric carbon atoms, hence 
different members of this class of bases have been decomposed, by means 
of their bitartrates, into optically active components — e.g., a-pipecoline 
(B. 29,43, 422), the copellidine, boiling at 163° (B. 29, 1959), obtained 
from aldehyde collidine, and ^-propylpiperidine, boiling at 174° (B. 30, 
1060), isomeric with coniine, which has been synthetically prepared 
from €-chloro-/ 9 -propyl-amylamine; a-ethylpiperidine, b.p. 143° (B. 33, 
3483. 3513), and /5-ethylpiperidine, b.p. 155*^ (B. 31, 2141). The great 
increase of optical activity on introducing alkyl groups at the N-atom 
of the ) 5 -alkylpiperidines is remarkable (B. 32, 2520; 34, 2420). aa^- 
Dimethylpipehdine, Lupetidine, is obtained in a fissile racemic fonn, 
boiling at 133°, and in a meso-form, b.p. 128"' (B. 32, 2520; 34, 2426). 
The same applies to aa^-diphenylpiperidine, which is liquid in its racemic 
form, and melts at 71° in the meso-form, while the aa^-phenylmethyl 
piperidine occurs in two stereo-isomeric, optically fissile modifications 
(B. 33, 2842; 34, 1616). aa^-Tetramethylpiperidine, b.p. 156° (see 
C. 1905, II. 1185). 

Keto-derivatives of the Piperidine Series. — The 6-lactams (Vol. I.) 
are a-keto-piperidines or a-piperidones. Among the y-keto-piperidines 
are the following: 


^ /C11~C(CH3),\ 

\cH2-C(CH3)2/ 

T nacetonearaine. 


NH, 


CO<rCH«-CH(CH,)x ^ .CH.-CH(C.H.)\ 

Vinyldiacetoneamine. Benzaldiacetoneamine. 


NH. 


which result from phorone with NH3 aind from diacetoneamine with 
acetaldehyde or benzaldehyde (compare B. 32 , 2244) . Triacetoneamine, 
aa^-tetramethyl-y-ketopiperidine, is of special interest on account of its 

structural similarity with tropine and tropinone,CH,N<(^^^|?|^*j^^^CO 
(see Atropine) ; as the latter gives tropinic acid, so triacetone-amine 
on oxidation gives the acid (A. 198, 74). On 

reduction it gives triacetone-alkamine, tetramethyl-hydroxy-piiieridine, 
C8Ho(CH 3)4(OH)N, which splits off water and passes into a piperideine 
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called triacetonine. With bromine triacetone-amine yields dibromo- 
triacetone-amine, which is converted by ammonia into tetramethyl- 
pyrroline-carboxylic acid amide (see p. 38). With mercaptans, triace- 
tone-amine expels water and yields triacetonine-y-alkyl-sulphides — 
e.g., C5Hy(CH3)4(SC2H5)N. On the other hand, vinyl-diacetone-amine, 
aai-trimethyl-y-ketopiperidine, with mercaptans yields normal mcr- 
captoles which can be oxidized to sulphonals (B. 31 , 3145). By the 
reduction of vinyl-diacetone-aminc oximes, m.p. 151°, two stereo- 
isomeric y-aminotrimethylpiperidines, (a-, m.p. 26'', 

b.p.22 ^ 5 °; b.p.22 83°) are formed, which, on treatment with 

nitrous acid, yield two stereo -isomeric vinyl- diacetone -alkamines, 
7-hydroxytrimethylpiperidines,C5H7(CH3)3(OH)N, m.p. 137° and 161®, the 
latter of which is transposed by sodium amylate into the former. The 
mandelic acid esters of the corresponding iV-methyl-vinyl-diacetone- 

alkamines, CH3N<^^(^^^3)2rc”2>CHO.COCH(OH)CeH5, are of interest, 

inasmuch as the ester in the stable isomeride (oil) is physiologically 
ineffective, whereas the ester from the unstable isomeride, melting at 
113°, is used as a mydriatic under the name of euphthalmine. 

C-Piperidine-sulphonic acid, (C5HioN)S03H, m.p. IBS'", from 
piperidine and amido-sulphonic acid at 180° (B. 34 , 2757). 

The reduction of pyridine-alkines with Na and alcohol produces 
piperidine-alkines. From methyl-a-picoline (picolyl-alkine), we obtain 
a-pipecolyl-alkine, (CgH^oN) [a] CH2CH2OH, m.p. 39^", b.p. 234°, 
which on reduction with Cr03 gives piperidyl-a-aoetic acid, (C5HioN)[a]- 
CH2C0.,H, m.p. 214° (B. 38 , 2905), V-Methyl-pipecolyl-alkine, on heat- 
ing with HCl, gives V-methyl-a-vinyl-piperidine, b.p.12 60® (B. 34 , 1889). 

a-Pipecolyl-methyl-alkine, (C5HioN)[a]CH2CH(OH)CH3, m.p. 57^, 
b.p. 226° to 229°, on being deprived of water by means of P.^Og, yields 
two stereo-isomeric a-propenyl-piperidines, (C5H3oN)[a]CH: CHCH,, 
m.p. 18°, b.p. 169°, and m.p. 15^ b.p. 167°, which have been split up 
into optically active components by means of the bitartrates (B. 42 , 
107). a-Pipecolyl-ethyl-alkine, C5HiyN[a]CH2CH(OH)C2H5, m.p. 55°, 
b.p. 127°. 

The iodides obtained from a-pipecolyl-alkines by means of HI are 
converted by treatment with alkali and intramolecular alkylation 

into the bi-cyclic tertiary bases, , the so-called 

CH 2 • CH 2 • — Cl”! • 

conidincs (B. 40 , 1310; 43 , 2048). In a similar manner the iodide 
obtained from y>pipecolyl-alkine, (C5HioN)[y]CH2CH20H, b.p. 228", 

yields the bi-cyclic qoinaclidine, CH^CHj ch.-^n, b.p. 140°, which is 

2 

of Special interest on account of its structural similarity with the quinia- 
alkaloids (B. 42 , 124). i^-Ethyl-guinuclidine, b.p. 191°, is similarly 
obtained from wr - hydroxy -Py- diethyl - piperidine, (CsHgN) [/S]C2H5- 
[y]CH.2CH20H, and has been obtained also in an active form (B. 38 , 
3049). a-Ethyl-piperyl-alkine, {C5HioN)[a]CH(OH)C2H5, m.p. 99°, is 
the inactive form of conhydrine. It is formed by the reduction of o- 
pyridyl ethyl ketones with Na and amyl-alcohol, and passes on further 
reduction into {d + I)-coniine. 
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<tf-HydroJty,-a-propylpiperidine, (C6HijN)[a]CHjCHj.CH20H, b.p. 
248°, is formed by the reduction of a-pyridyl-acrylic acid ester with Na 
and alcohol. On splitting off water by means of concentrated SO4H2 
or P2O5 it yields a little a-allylpip8iidme> (C5H^QN)[a]CH2CH: CH^, b.p. 

171°, together with the bi-cyclic piperolidine, 

CH2 .CH2 . N .CH2 

b.p. 161°, which is also formed by reduction of piperolidone, 

CH2.CH2.CH.CH2\ , 1 X r • 1 • • 

>CH2. b.p. 126°, the lactam of a-pipendyl-propionic 

CH 2 .CHa.N.CO— / ^ ^ 

acid, (C5HjoN)[a]CH2.CH2.C02H, m.p. 148^ which is obtained by 
the reduction of a-pyridyl-acrylic acid (B. 42 , 94, 3420). 

Piperidine- i^-aldehydes have been obtained from piperideine alde- 
hydes by conversion into the y-chloropiperidine aldehyde acetals by 
means of alcohol and HCl, and subsequent treatment with Na and 
alcohol. Piperidine- i?-aldehyde, (C5HioN.CHO)2, is only known in 
the bimolecular form. Its diethyl acetal boils at 55° (0-15 mm.) 
(B. 40 , 4695). iV-Ethylpiperidine- ^-aldehyde, b-p.^.g 44°, is also easily 
polymerized (B. 38 , 4170). 

Sodium and alcohols reduce the pyridine carboxylic acids to piperi- 
dine carboxylic acids. 

Pipecolinic Acid, C5HjqN(COOH), melting at 261°, is resolved by 
the bitartrate into d- and /-pipecolinic acids, melting at 270° (B. 29 , 
2887). Hexahydroquinolinic Acid, C5H9N(COOH), has been obtained, 
similar to the hydropjithalic acids, in two stereo-isomeric forms, melting 
at 227° and 253°, of which each in the form of its w/Z/'eso-compound 
can be decomposed into two optically active forms (consult B. 29 , 
2665). Hexabydrocinchomeronic acid melts with decomposition at 
256® (B. 29 , 2187). 

The iodomethylate of AT'-methyl-hexahydro-cinchomeronic acid is 
split up by alkali in a manner somewhat different from AT-methylpi- 
peridine iodo-methylate, as it forms a dimethylamino-ryr/o-pentane 
dicarboxylic acid (M. 23 , 269) : 


yCH2.CH(C02H)\ , 


(C1K)2N.CH.CH(C0oH)\ 

>CHCOoH(?). 
Clio CHo'^ 


Quite similar behaviour is shown by the homologous cincho- 
loiponic acid, a disintegration product of cinchonine [q>v). 

aai-Piperidinedicarboxylic acid, from dibromopimelic acid with 
NH3 (see B, 34 , 2543). 

An hydroxy-carboxylic derivative of the piperidine series is Eu- 
caine, a tetramethyl-A-methyl-y-benzoxy-piperidine-y-carboxylic ester, 

been recommended 

as an anaesthetic in the place of cocaine (C. 1896, II. 709). 

Many y-piperidine-/ 5 jSj-dicarboxylic esters have been obtained by 
condensation of acetone dicarboxylic esters with aldehydes and NH3 
or primary amines (J. pr. Ch. 2, 85 , i) : 


COjR . CH 2— CO-~CH 2 . COgR COgR . CH— CO— CH . CO2R 

R.CHO NH, OHCR RCH— KH-CHR 
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Coniine, or a-propylpiperidine, tropine, and ecgonine are other im- 
portant piperidine compounds. They are alkaloids or decomposition 
products of the latter. They will be discussed later, in the chapter 
relating to alkaloids. 

Condensed nuclei, obtained from pyridine, have been prepared 
in great numbers, and are arranged in the following groups: 
II. Quinolines. III. Condensed Quinolines — e.g., naphthoquinolines, 
anthraquinolines, phenanthrolines, quinoquinolines. IV. isoQuinolines. 
V. Phenanthridines. VI. N aphthyridines and Naphthinolines. 
VII. Acridines (carbazacridines, quinacri dines). VIII. Anthrapyri- 
dines. The vegetable alkaloids attach themselves as a distinct 
chapter to the preceding bodies. 


II. QUINOLINE GROUP. 

The quinoline bases, or benzopyridine group, occur with those of 
pyridine in bone-oil (coal-tar), and are obtained by distilling different 
alkaloids with lime. The parent substance of the group was first 
obtained by Gerhardt (1842) from the alkaloids quinine and 
cinchonine. 

As regards synthetic methods, reactions, and isomerides, quinoline 
is a naphthalene in which an a-CH-group is replaced by N. 

This was first shown by synthesizing quinoline from allylaniline. 
This is perfectly analogous to the synthesis of naphthalene from phenyl 
butylene (Konigs) : 

/N=CH 

CeHg.NH.CHg.CH :CH2--=CeH4< I 

N:h=.ch 

Allyl Aniline. Quinoline. 

A more direct proof of the constitution of quinoline was effected 
through its formation from hydrocarbostyril ; PCI5 converts the latter 
into a dichloride, which upon heating with hydriodic acid yields 
quinoline (A. Baeyer, B. 12, 1320) : 


>CO- 


NH 




Hydrocarbost5Til. 


/CH;CCL 




CCl- 


a/3-Dichlor-quinoline. 


.Cli : CH. 

' CflH,/ >CH. 

Quinoline. 


A diagonal formula has been suggested for quinoline because 
of its production in the distillation of acridine : 


Owing to the intimate genetic relations prevailing between the 
quinoline and pyridine derivatives we must assume for the pyridine 
nucleus of quinoline the same linkages as in pyridine itself. Further 
more, later researches upon the formation of quinoquinolines from 
quinolines afford additional proof against the ** diagonal formula 
(A. 278, i). 
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Isomerisms of the Quinoline Derivatives : 

We represent the three replaceable hydrogen atoms of the pyridine 
nucleus in quinoline by a, p, and y ; those of the benzene nucleus with 
I, 2, 3, and 4: 

II. 




The positions i, 2, 3, referred to the N-atom, correspond to the 
ortho-, meta-, and para-positions of the benzene derivatives; 4 is 
known as the .^wa-position. These positions are designated as the 
affinities of the benzene nucleus with 0-, m-, p-, and a. Another 
nomenclature designates the affinities of the pyridine nucleus as Py-i, 
-2, and -3; those of the benzene nucleus as B-i, -2, -3, and -4. Conse- 
quently, seven mono-derivatives of quinoline are possible (B. 19 , R. 443) . 
Syntheses of the Quinoline Derivatives: 

1. The condensation of the ortho-amino-compounds of such benzene 
derivatives as have an oxygen atom attached to the third carbon atom 
of the side-chain. 

In this way we obtain quinoline from o-amino-cinnamic aldehyde, 
a-methyl-quinoline from o-amino-styryl methyl 

ketone, and a-hydroxy-quinoline (carbostyril) from o-amino-cinnamic 
acid. 

2. The condensation of o-aminobenzaldehyde or o-aminobenzo- 
ketones with substances containing the group — CHg — CO — 
aldehydes, ketones, acetoacetic ester, malonic ester) to quinolines by 
means of sodium hydroxide is dependent upon the intermediate forma- 
tion of such o-amino-derivatives (Friedlander, B. 16 , 1833 ; 25 , 1752) : 


-CHO 


CH« 


+ I 

CO.CH3 

o-Ami:iobenzaldehyde. Acetone. 


,ch=ch 


-> C.H. 


L'McthylquinoUne. 


y-Hy dr oxy quinolines are similarly formed from anthranilic acid with 
aldehydes, ketones, etc. (Ch, Zt. 17 , Rep. 258; see also B. 28 , 2809), 
and cinchonmic acid from isatinic acid with aldehydes (J. pr. Ch. [2], 
263). Also hydroxyquinolines from o-acyl-amino-acetophenone 
(B. 32 , 3228; C. 1900, I. 426). 

The synthesis of quinohne from o-toluidine and glyoxal and that 
of y?-hydroxyquinaldine from o-toluidine and pyroracemic ester are 
similar (B. 27 , 628; 28 , R. 743) : 


CeH 


/'CH3 


OCH 
-f 1 ■ 
OCH 


->CeH 


/CH=.CH 

1 


3 * The production of quinoline and its derivatives substituted in the 
benzene nucleus by heating anilines with glycerol and sulphuric acid 
to ab^t 140°, with the addition of nitrobenzene, or, better, arsenic 
acid (B. 29 , 7 ^ 3 )^ S-S the oxidizing agent. This method is of universal 
application, and can be very readily executed (Skraup) : 


CeH, 
Aniline, 


5.NHa+C3H80.==i^«7jN +3H20+Hg. 
mime. Glycerol. Quinoline. 
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It is very probable that acrolein first results, this then combines 
with the aniline derivative yielding acrolein-aniline, which is oxidized 
to the quinoline derivative by the elimination of two hydrogen atoms 
by sulphuric acid. The halogen, nitro-, hydroxyanilines, toluidines, 
etc., behave similarly. The naphthylamines yield the naphthoquino- 
lines; and the diamidobenzenes, the phenanthrolines. 

Instead of using a mixture of the aromatic aniline and nitrobenzene, 
the corresponding nitro-body alone can be employed, which then is 
reduced in part by the hydrogen arising in the reaction. The first 
synthesis of this description was the preparation of alizarin blue from 
nitroaUzarin, glycerol, and sulphuric acid (A. 201 , 333). The following 
may be regarded as further generalizations of these syntheses: 

4. (a) Quinolines substituted both in the benzene and pyridine 
nucleus can be produced in the condensation of anilines with aldehydes, 
aided by sulphuric or hydrochloric acid (Quinaldine syntheses of 
Doebner and v. Miller). Aniline and acetaldehyde yield a-methyl- 
quinoline or quinaldine : 

/CH : CH 

C«H 5 .NHo+ 2 C 2 H 40 -CeH 4 < | +2Ufi+H^. 

\N:C(CH3) 

a-Methylquinoliuc. 


All aldehydes of the formula CHO.CHgR react like acetaldehyde. 
The first step in the reaction consists in two molecules combining to 
unsaturated aldehydes, CHO.CR: CH.CHgR, or condensing to aldols 
corresponding to them. These then act upon the anilines and form 
quinoline bases with a CH^-group in the a-position. 

It is very probable that alkylidene anilines formed at first change 
to dimolecular, aldol-like condensation products, which split off aniline 
and become quinaldines (B. 25 , 2864; 29 , 59; compare fonnation 2 of 
the indols) : 


2 CH 3 .CH : NCeH, 


-> 


C0H5N : CH— CHg 

CeHgNH CH .CH3 \Xt__ 


.cii.=cn 

N-— CCHo 


The hydrogen set free sometimes occasions a partial reduction of the 
reaction product to tetrahydroquinoline derivatives. 

(b) Instead of two molecules of the same aldehyde, a mixture of two 
aldehydes, or an aldehyde with a ketone, may be used; in the latter case 
a,7-di- or a, /5,7-trialkylquinolines are formed (C. Beyer, B. 20 , 1908) — e.g.: 


CH3 


CH3 


CeHg CO--CH3 

\ 

NH2+CHO.CH3 


-> /C = CH 

CeHZ I 

^N^C.CHg 
aj-yDimethylquinoli ne. 


(c) a- A Ikylcinchoninic acids (a-alkylquinoline-y -carboxylic acids) are 
produced by the interaction of a mixture of pyroracemic acid and an 
aldehyde upon aniline (B. 281 , i) : 


CeHg.NHa+CO.CHj = 


\ 


R 


CHO.R 
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This is a reaction which, particularly when naphthylamine is sub- 
stituted for aniline, proceeds so smoothly that the production of 
naphtho-cinchoninic acids may be applied as a test for the detection 
of aldehydes in mixtures. Pyroracemic acid alone, when heated with 
aniline, yields the a-methylquinoline-y-carboxylic acid (aniluvitonic 
acid), together with phenyllutidone; this is because aldehyde is formed 
from one molecule of the pyroracemic acid. 

{d) / 5 -Chlorethyl ketones, like CH2CICH2COCH3, give, on heating with 
aniline and aniline hydrochloride, in the presence of alcohol, y-alkyl 
quinolines, with intermediate formation of /?-anilino-ethyl ketones: 


jll RCO.CH2 
CH 


CcH 4 


|C(R) :CH 
In— CH 


(e) i^-Diketones, with anilines and dehydrating agents, give 
quinolines (compare B. 36 , 2448, 4013) : 


rii (CH3)C0CH2 

+ I 

iNHa COCH3 



C(CH3) : CH 

N--— CCH3 


5. Hydroxyquinoline derivatives are obtained from aniline deriva- 
tives of / 5 -ketonic acids and j 5 -dicarboxylic acids by a ring forma- 
tion (L. Knorr, B. 17 , R. 147; A. 236 , 112). 

(a) Acetoacetic anilide (from aniline and acetoacetic ester when 
heated to iio^^), acted upon with concentrated acids, forms a-hydroxy- 
y-methylquinoline (y-methyl carbostyril) (Knorr, A. 236 , 112): 


0 C(CH3)CH2 

CeHjNH.CO 
Acctoacctic Anilide. 


,C(CH3) : CH 

CjHZ I +H3O. 

\k-==C(OH) 

y-Methyl-a-hydroxyquinoline. 


Methyl acetoacetic anilide by the same treatment yields j?,y-dimethyl 
carbostyril, and acetoacetic methyl anilide gives the methyl derivative 
of y-methyl fiseudo-carbostyril. 

(b) On the other hand, /^-anilino-crotonic ester, formed at the 
ordinary temperatures, yields y-hydr«xy-a-methyiquinoline when 
heated to 240° (Conrad and Limpach, B. 24 , 2990) : 


RO.CO.CH /C(OH) :CH 

II > Cell/ I 

CeHg .NH : C .CHg ^N- — C .CH3 

^-Anilino-crotonic Ester. a-Methyl-y-hydroxyquinoline. 

Benzoyl acetic ester, acetone dicarboxylic ester, etc., react similarly. 
Instead of aniline, homologous anilines, antivanilic acid, or phenylene 
diamine can be used (B. 31 , 2143; 33 , 3439; 38 , 2044). Benzanilide- 
imide chloride and sodium malonic ester yield anilbenzoylmalonic 
ester, which condenses to a-phenyl-y -hydroxyquinoline- ^-carboxylio 
ester (B. 19 , 1541) : 


CcH, 


RO.CO.CH.COoR 


\N- 


ic, 


H, 


-> C.H3< 




.C(OH)=C.COjR 


Anilbenzoyl Malonic Ester. 




•CeHg 

a-Phenyl-v-liydroxyquinoline*/3-carboxylic Ester. 
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Phosphorus pentachloride converts malonanilic acid into a,p,y- 
trichlorquinoline (B. 18 , 2975 ; 20 , 1235) ; the alkyl malonic acids react 
similarly. 

6. The conversion of indoles and alkyl indoles into trialkylic dihydro- 
quinolines, analogous to that of pyrroles into pyridines by alkyl iodides, 
has been described above. /?-Bromo- and chloroquinaldines are pro- 
duced on heating methylindole with sodium alcoholate and CCI3H 
or CBrgH (B. 21, 1940). a-Methylindole yields quinoline on conducting 
its vapour through incandescent tubes (B. 38 , 1949). 

Behaviour . — ^The quinoline bases are liquids which dissolve with 
difficulty in water, readily in alcohol and ether, and possess a penetrat- 
ing odour. Like the pyridines, they are tertiary bases, and like them 
form : 

1. Salts and double salts (sec mercury salts, B. 28 , R. 617). The 
platinum double salts are not changed by boiling {cf. p. 164). 

2. Ammonium- (quinolinium-) compounds are formed by their 
union with alkyl iodides. The additive power for alkyl iodides is, 
however, limited by the character of the substituents present in the 
quinolines (B. 24 , 1984). On heating the quinoline iodalkylates, they 
partly decompose into alkyl iodide and quinoline. 

3. Quinoline, like pyridine, is but slightly attacked by nitric acid 
or chromic acid. Potassium permanganate, however, destroys the 
benzene nucleus in it, with production of a, p-pyridinedicarboxylic acid 
(quinolinic acid). 

The homologous quinolines, containing the alkyl groups in the pyri- 
dine nucleus, and those containing the substituents in the benzene 
nucleus are oxidized by chromic acid in the presence of sulphuric acid 
to the corresponding quinoline carboxylic acids, while potassium per- 
manganate, on the other hand, usually oxidizes those substituted 
in the benzene nucleus, with the formation of pyridinepoly carboxylic 
acids (B. 23 , 2252). 

Potassium permanganate converts the a - alkylquinolines, by the 
destruction of their pyridine nucleus, into acid derivatives of o-amino- 
benzoic acid. By this treatment a-phenylquinoline yields benzoyl 
anthranilic acid (B. 19 , 1196). 

The pyridine nucleus is similarly ruptured by the oxidation of the 
quinolinium compounds. 

4. The pyridine nucleus of the quinolines, when reduced with zinc 
and hydrochloric acid, takes up four atoms of hydrogen, with the pro- 
duction of tetrahydroquinolines. Decahydroquinoline finally results 
by more energetic reduction. 

The number of known quinoline derivatives is very great. To a 
certain extent they have a technical value as antiseptics, antipyretics, 
dyes, etc. Only the more important members of this group will receive 
consideration in the succeeding paragraphs. 

Quinoline, C^H^N, is a colourless, strongly refracting liquid, with 
penetrating odour, which possesses a powerful antiseptic action. It 
boils at 239°; its sp. gr. = 1*095 at 20°. It occurs in bone-oil and coal- 
tar. It results when many alkaloids are distilled, and is best prepared 
synthetically by Skraup's method — i.e., boiling a mixture of 38 grams 
aniline, 100 grams sulphuric acid, 24 grams nitrobenzene or arsenic 
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acid, and 120 grams glycerol for several hours (B. 14 , 1002; 27 , 574; 
29 , 704). 

It forms crystalline and very soluble salts with one equivalent of 
acids; the characteristic bichromate, (C9H7N2)Cr207H2, dissolves with 
difficulty and forms yellow needles, melting at 165°. 

Quinoline betaine y C9H7N.CH2.CO.O, melts at 171°. Its hydro- 
chloride is formed from quinoline and chloracetic acid. Di-, tetra-, 
hexa-y and decahydroquinoline result from the reduction of quinoline. 

A Ikyl - quinolinium Compounds. — Quinoline-methiodide, C9H7N . - 
JCH3 + H2O, m.p. 72° (anhydrous, m.p. 133°), quinoline-ethiodide, 
m.p. 159°. The hydroxides soluble in water which are first formed 
from the alkyl-quin olinium iodides with alkalies are unstable with the 
exception of the amino- and hydroxy-quinolinium bases. In this respect 
they resemble the pyridinium hydroxides, and, like the latter, they 
isomerise into non-conducting a-hydroxy-dihydroquinolines (pseudo- 
bases), insoluble in water. These also are mostly reactive, and soda 
converts them by simultaneous processes of oxidation and reduction 
into 7 V-alkyl-a-quinolones and A'-alkyltetrahydroquinolines ; with 
alkaline solution of potassium ferricyanide nothing but the A'-alkyl-a- 
quinolone is produced (A. 282 , 363; B. 36 , 2568). 

Acids reconvert them into the original quinolinium salts ; 

I CH=_CH - NiiOH ^ J CH=-CH r Ti / CH 

■'tN(CH3)I;CH^^ ^’“‘(N(CH,)XH(OH) NICH^) .CO 

The a-hydroxydihydroquinolines are distinguished by a remarkable 
reactivity of the hydroxyl group. Thus, on boiling with alcohols they 
yield the corresponding alkoxy-compounds or alcoholates. They also 
expel water and react with aniline, phenylhydrazinc, hydroxylamine, 
and such compounds as contain a methylene group capable of reaction 
(B. 44 , 680; J. pr. Ch. [2], 84 , 219). For this reason the open formula 
of the o-alkylamino-cinnamic aldehydes has been considered for the 
a-hydroxydihydroquinolines : 

CH rCH— — -CH 

Hn(CH3).CH(OH) HnH(CH3).CHO’ 

with the assumption of a ring-splitting, as observed in the case of 
dinitrophenyl-pyridinium chloride. In some cases the rupture of the 
quinoline-ring has been proved with certainty. Thus the action of 
benzoyl-chloride and soda upon quinoline produces o-benzoylamino- 
cinnamic aldehyde (B. 38 , 3415) : 

rCH=CH Cemcoci /CH-CH.CHO 

® Hn— CH ^®^^\NHCOCeH5 

The a-phenyl-quinoline-methiodide yields with soda an easily re- 
active hydroxydihydroquinoline, which is oxidized even in the air to 
o-methylamino-dibenzoyl-methane (B. 44 , 2670) : 

rcH-— CH rco ch, 

Soffit . . (?) ►CflH,/ 

tN(CH,)I : C.C,H, tN(CH,).C(OH)C,H, tNH(CH,) C 
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The great reactive power of the hydroxydihydroquinolines and the 
condensation power of the methyl group in a- and y-methyl-quinolines 
is probably the cause of the formation of the magnificent blue and red 
dyes of the cyanines, isocyanines, and apocyanines. The former are 
obtained by the action of alkali upon mixtures of quinoline-iodalkylates 
with lepidine- and quinaldine-iodalkylates, while the latter result from 
treating quinoline-iodalkylates alone with alcoholic potash. These 
dyes, of as yet unknown constitution, are used in photography as 
sensitizers for producing ortho-chromatic plates (B. 37 , 2821; 41 , 3054; 
44 , 690; J. p. Ch. [2], 73 , 100; 84 , 239). 

Related to the transposition of the quinolinium hydroxides into 
hydroxydihydroquinolines are the following transformations of the 
quinoline-halogen-alkylates : 

[a) With alkyl-magnesium haloids they produce Ar,a-dialkyl-di- 
hydroquinolines (B. 42 , iioi): 

® HN(CH8)I.CH ® Hn(CH8).CH.CH8 

[h] With potassium cyanide the transposition of the quinolinium 
cyanides probably formed in the first instance produces unstable 
iV-alkyl-dihydro-cinchoninic acid nitriles which, on oxidation with 
potassium ferricyanide, pass into AT-alkyl-y-cyano-a-quinolones, and 
by treatment with iodine solution into iodalkylates of the cinchoninic 
acid nitriles (B. 44 , 2058) : 

® HN(CH3)T:CH ® HN(CH8)— CH ® HN(CH8)I : CH 

It is remarkable that the action of benzoylchloride and potassium 
cyanide produces iV-benzoyl-dihydro-quinaldinic acid nitrile (B. 38 , 
1606). 

Homologous Quinolines. — ^The seven isomeric methylquinolines are 
all known. The four quinolines, methylated in the benzene nucleus, 
sometimes called toluquinolines or methylhenzoquinolines, are obtained 
by the reaction of Skraup from the three toluidins : o-methylquina- 
line boils at 248®, the para at 257®, the meta at 248®, and the ana 
at 250®. 

a-Methylquinoline, Quinaldine, Cj,H„N{CH3), boiling at 247°, occurs 
in coal-tar quinoline (25 per cent.) (B. 16 , 1082). It is produced by 
the various sjmthetic methods, by the reduction of y-hydroxyquinal- 
dine, and by fusing ethylacetanilide, C0H5N(C2H5) .CO.CH3, with zinc 
chloride (B. 23 , 1903). It may also be obtained by digesting aniline, 
paraldehyde, and crude hydrochloric acid for several hours (B. 16 , 
2465). For its salts, see B. 41 , 2701. 

i^-Methylquinoline, C9Hfl(CH3)N (B. 20 , 1916), boils at 253®, and 
melts at io®~i4®. It is formed by heating o-aminobenzaldehyde 
with propionic aldehyde to 220® (B. 42 , 1144). 

y-Methylquinoline, Lepidine, occurs, together with quinoline and 
quinaldine, in coal-tar, and is obtained on distilling cinchonine with 
caustic potash. It may be synthetically prepared. It boils at 257®. 
Chromic acid oxidizes both methylquinolines to the corresponding 
VOL, III. o 
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quinoline monocarboxylic acids. Potassium permanganate produces 
pyridine tricarboxylic acids. 

a,/ 5 -Dimetliylauinolme, C9H5(CH3)2N, boils at 261° (B. 22 , 267). 

a,7-Dimetliyl(luinoline, boiling at 266°, is made from acetyl acetone 
and aniline, as well as from dihydrotrimethylquinoline, which is pro- 
duced by the interaction of indole and methyl iodide (C/. pp. 28, 19 1). 

/ 5 ,y-Dimetliylquinoline, from /?,y-dimethyl carbostyril, melts at 65® 
and boils at 290°. 0- and p-Toluquinaldine, C9H5(CH3)2N (B. 23 , 3483). 

a-Ethylquinoline, C9H6(C2H3)N, boils at 255°-26o^ j^-Ethylquino- 
line at 265°. They result on heating ethyl quinolinium iodide to 
250° (analogous to the formation of alkyl pyridines, p. 164). y-Ethyl- 
quinoline boils at 27o°-275°. 

y-Propylquinoline, b.p.ig 159°. On trimethylquinolines, see B. 21 , 
R. 138. /?-Ethyllepidine, and its derivatives 

(see B. 31 , 2143). 

As in the case of the a- and y-alkylpyridines, so also in the quino- 
lines, CH3- and CHgR-groups in the a- and y-positions are capable of 
condensations with aldehydes and phthalic acid anhydrides. 

With quinaldine, formaldehyde gives Methylolquinaldine, Quin- 
aldinealkine, C9H3N-a-CH2CH20H, m.p. 105°, Dimethylolquinaldine, 
Quinolylpropanediol, (C9H6N)CH(CH20H)2, m.p. 117°, and Trimethylol- 
quinaldine, (C9H6N)C(CH20H)3, m.p. 143°; but if substitution is in the 
/^-position, the a-methyl group only takes up the two methylol groups, 
forming j^-methyl-dimethylolquinaldine, C9H5N[/5]CH3[a]CH(CH20H)2, 
m.p. 107°. Similarly, lepidine yields, besides methylollepidine, 
C9H3N[y]CH2CH20H, an oil, only dimethylollepidine, C9HgN[>']CH- 
(CH20H)2, m.p. 128""; in the a, y-dimethylquinoline only the CH3- 
group in the a-position reacts in the first instance. y-Methyl 
methylol- and dimethylolquinaldine, m.p. 98° and 140°; chloral and 
phthalic acid anhydride (see below) also react with the a-methyl 
group (B. 37 , 1322). Elimination of H2O converts quinaldinealkine 
into a-vinyl quinoline, (C9HeN)CH: CH2. The quinoline-propanediols, 
reduced with HI, yield y- and a-isopropyl-quinoline (B. 32 , 223). 

According to the conditions, benzaldehyde produces with quinaldine 
and lepidine either benzylidin-quinaldine and -lepidine, (CyH^Nj-a- and 
-y-CH: CHCgHg, m.p. 100° and 92° respectively, or benzylidene- 
diquinaldine and dilepidine, (C9HgN.CH2)2CHCgH5, m.p. 156° with dec. 
and 218° respectively. The reduction of benzylidene-quinaldine and 
-lepidine produces benzyl-quinaldine and -lepidine, m.p. 30° and 101° 
respectively, which again can combine with 2 or i molecule formalde- 
hyde (B. 32 , 3599). 

With chloral, lepidine condenses to lepidine chloral, (CgHoNjCHoCH- 
(OH)CCl3, m.p. 175°, and, with special readiness, quinaldine to quinal- 
dine chloral, C9HQN-a-CH2CH(OH)CCl3, m.p. 144°, which, with alkali, 
yields a-quinolyllactic acid, (C9 HqN)CH2CH(OH)COOH, and a-quinolyl 
ac^lic acid, (C9H3N)CH : CHCOOH. With concentrated sulphuric acid, 
quinolyllactic acid gives quinolylacetaldebyde, (C9H6N)CH2CHO, m.p. 
104°, and by oxidation, a-quinolyl-acetic acid, (C9H3N)CH2COOH, 
m.p. 275°. Chloral lepidine with alkali gives quinolyl-y-acrylic acid, 
m.p. 25o''-255° with dec., which, on reduction with HI and P, gives 
quinolyl-y-propionic acid, m.p. 203° (B. 37 , 1337). 
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On heating with phthalic acid anhydride to 220°, quinaldine 
yields a yellow dye called q[ainophthalone» (C9HflN)CH<^Q>CeH4, 
m.p. 241^^. At a lower temperature the isomeric quinaidylidene 

phthalide or isoquino-phthalone, (CgHgN^CH: C.CgH^COO, m.p. 187°, 
is formed, which is converted into quino-phthione on heating to 
250'' or treating with sodium ethylate (B. 37 , 3006). Compare the 
conversion of benzylidenephthalide into phenyl-diketohydrindene. 

Quino-phthalono-sulphonic acid is called Quinoline Yellow, a silk 
and wool dye. For quinaldine and phthal-aldehydic acid, see B. 29 , 187. 

With oxalic ester and potassium ethylate, quinaldine and lepidine 
condense to the yellow quinaldineoxalic ester and lepidineoxalic ester, 
(C9HgN)CH : C(0H)C02C2H5, m.p. 131^ and 195°, which in alkalies 
form a yellow solution, but in acids a colourless solution, probably with 
conversion into the keto-form (B. 42 , 1140). 

a-Phenylquinoline, C9Hg(CgH5)N, is obtained from cinnamic 
aldehyde and aniline upon heating them with hydrochloric acid to 
200°. It melts at 84° and boils at 363°. Potassium permanganate 
oxidizes it to benzoyl an thranilic acid. / 5 -Phenylquinoline is an oil, 
which solidifies on cooling (B. 16 , 1836). 

y-Phenylquinoline is formed from its acid. It melts at 61°. It is 
closely related to the quinia alkaloids (B. 20 , 622). See B. 27 , 907, 
for y-Quinolyl phenols. 

Nitrophenylquinoline, N02CgH4.C9HgN, melting at 159°, is formed 
from isodiazonitrobenzene and quinoline (B. 29 , 168). 

y - Phenyl - a - methylquinoline, y-phenylquinaldinc, C9H5(CgH5) - 
(CH3)N, results by the condensation of benzoylacetone with anihne 
(B. 20 , 1771). It melts at 99° and yields y-phenylquinoline-a-carboxylic 
acid when its phthalone is oxidized with chromic acid. This new 
acid affords y-phenylquinoline. 

a-Phenyl-y-methylquinoline is produced (B. 19 , 1036) by distilling 
flavenol with zinc dust. It melts at 65°. 

Its ^-amino-derivative, Flavaniline, applied as a beautiful yellow 
dye (B. 15 , 1500), is a-Aminophenyl-y-methylquinoline, 09115(0113)- 
(OgH4NH2)N. It results in the condensation of o-aminoacetophenone 
and ^-aminoacetophenone when digested with zinc chloride (B. 19 , 
1038). Its monacid salts are yellow in colour, and have been used as 
dyes (B. 15 , 1500). Nitrous acid converts it into so-called Flavenol, 
09H5(0gH4OH) (OH3) N, a,_/)-Hydroxyphenyl- y-methylquinoline. On 0- 
flavaniline, see B. 32 , 3231. 

Various isomeric diquinolyls, (09HgN)2, have been prepared by 
boiling quinoline with sodium; further, by conducting its vapours 
through tubes heated to redness, and finally from benzidine and other 
diaminodiphenyls through Skraup’s quinoline synthesis (M. 8, 121; 
B. 17 , 1965; B. 20 , 634; B. 38 , 762; A. 287 , 38, etc.). 

Diquinolylquinoline, C9H7N . CgHgN . C9H7N, melting at 151°, is 
formed from y-acetacetyl quinolin, C9H7N . COCH2COCH3, with two 
molecules of o-amino-benzaldehyde (B. 29 , R. 845). 

Triquinolylmethane, CH(C9HgN)3, melting at 202°, is obtained from 
pararosanihne by the reaction of Skraup (B. 24 , 1606, 2267). 
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Halogen, Sulpho-, and Nitro-Derivatives of the Quinolines . — All those 
containing the substituents in the benzene nucleus are prepared by the 
methods in use for the introduction of such groups into benzene and 
naphthalene. Or the corresponding substituted benzene derivatives 
are subj ected to the quinoline syntheses given above. 1 1 is more difficult 
to introduce the halogens, the nitro- or the sulpho-groups into the 
pyridine nucleus of quinoline. Py-Chlorine derivatives of quinoline are 
chiefly made by the action of PCI5 upon Py-hydroxyquinolines. a- 
Chloroquinolines are also formed from N-alkyl-a-quinolones with 
phosphorus chlorides (B. 82 , 1297; 36 , 3678). The ready mobility of 
the halogen atoms occupying the a- or y-positions in quinoline is very 
remarkable. They can be easily replaced by OH, NHR, etc. 

a-ChlorOQoinoline, CgH^ClN, melting at 38® and boiling at 267°, is 
prepared from carbostyril, iV-methyl- or A’-ethyl-quinolone, and PCI5 
(B. 16 , 333). /^-Chloroquinoline, boiling at 255°, is produced from 
quinoline and sulphur chloride along with the compound called thio- 
quinanthrene, (C9H5N)2S2, and trichloroquinoline (B. 29 , 2456). 
a-Bromoquinoline melts at 49® (J. pr. Ch. [2], 41 , 41). /^-Bromo- 
qoinoline, melting at 13° and boiling at 276°, results from the action 
of sulphur bromide upon quinoline or by heating quinoline hydro- 
chloride with bromine (B. 27 , R. 732; 25 , R. 422; 29 , 2459). 
y-Chloroquinoline, melting at 34°, is obtained from kynurine and also 
from y-aminoquinoline (B. 27 , R. 748). y-Bromoquinoline results 
when PBr^ acts upon kynurine (B. 27 , R. 732). a-Iodoquinoline 
iodomethylate, CgHgIN.ICHg, melting at 212°, is produced when 
methyl iodide acts upon a-chloroquinoline (A. 282 , 376). a-Methyl-/ 9 - 
chloroquinoline, melting at 72°, is produced from methylindole, CCI3H, 
and sodium alcoholate (B. 21, 1942). a,^-Dichloroquinoline, melting 
at 105°, results in the action of PCI5 upon hydrocarbostyril. a,^,y- 
Trichloroquinoline, CgH4Cl3N, melting at 107°, is formed from malon- 
anilic acid and PCI5 (B. 17 , 737) (II. 108). 

Amino-quinolines, substituted in benzene nucleus, are produced 
in the reduction of the corresponding nitroquinolines. The Py-a- and 
y-amino-quinolines result upon heating a- or y-chloro- (bromo-) quino- 
lines with amines or ammonia. 

a-Amino-quinolines are also obtained by synthesis from o-amino- 
cinnamic acid nitriles (B. 32 , 3399) : 


/CH :CH.CN 
■' *\NH 


/CH:CH 


— see also the formation of the so-called quindoline, 

'N" C' ""^JH 

— by reduction of 00^-dinitro-cyano-dibenzyl, N02CqH4CH2CH(CN)- 

CeH4N02. 

a-Aminoquinoline, (C9HgN)NH2, m.p. 120°, from cinnamic acid 
nitrile with sodium ethylate (see above), from a-chloroquinoline, on 
heating with ammonia and ammonium carbonate to 200° (besides 
carbostyril), and by reducing disintegration of a-phenyl-hydrazido- 
quinoline or hydrazoquinoline (see below) (J. pr. Ch. [2], 56 , 204; B. 31 , 
1297), is hydrolyzed by cone, alkalies into NH3 and carbostyril; its 
methiodide, m.p. 247°, is also obtained from a-iodoquinoline-methiodide 
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with NH3 (A. 282 , 380). a-Anilinoauinoline, (CgHgNj.NHC^Hg, m.p. 
98°, from a-chloroquinoline and aniline at 200®. 

a-Amino-i^-phenylquinoline, (C9H5N)(NH2)(CqH 5), m.p. 156° (corr.), 
is obtained on reducing a-phenyl-o-nitrocinnamic acid nitrile, or on 
condensing o-acetamino-benzaldehyde with benzyl cyanide. 

^-Aminoquinoline, (C9H3N)NH2, dimorphous, m.p. 84° and 94°, 
from ^-quinoline-carboxylic acid amide with NaOBr (C. 1910, 1 . 2102). 
i^-Aminoquinaldine, m.p. 160°, is formed by Beckmann’s transposition 
from the oxime of ^-acetylquinaldine (B. 40 , 3425). 

y-Aminoquinoline, (C9HeN)NH2 + H2O, m.p. 70° (anhydrous 154°), 
is formed from cinchoninic acid amide with bromine and alkali (J. pr. 
Ch. [2], 66, 181). 

y-Aminoauinaldine, C9H5(CH3)N(NH2), m.p. 270° (B. 21 , 1980). 
_^-Methoi^-y-aminoquinoline, C9H5(OCH3)N(NH2), m.p. 120°, from 
quinic acid amide with KOBr (B. 29 , R. 674). 

Quinolyl Hydrazines are obtained from the a- and y-chloro-quinolines 
by heating with hydrazine or phenylhydrazines (B. 24 , 2817; 33 , 1885). 
a-Quinolylhydrazine, (C9HgN) . NH . NHg, m.p. 135°, in certain reactions 
behaves as a hydrazidine, giving the so-called naphtriazole (i), ih.p. 175°, 
with formic acid, and naphtetrazole (2), m.p. 157°, with nitrous acid: 

CH:CH.C=N— ^ (i) CHiCH.CiNNHj (2) CH:CH.C = N\_ 

CeH^ N— ch/ CeH^— NH CeH^— N— N/ 

The naphtetrazole is quantitatively converted into tetrazole by oxida- 
tion with KMn04 

a-Lepidylhydrazine, [C9H5(CH3)N]NHNH2, m.p. 146®. y-Quin- 
aldylhydrazine, m.p. 118°, a-Hydrazoquinoline, (C9H(^N)NH.NH(C9H9N), 
m.p. 229°, and a-hydrazolepidine, m.p. 265°, are formed, besides the 
hydrazines, on heating the a-chloroquinolines with hydrazine hydrate. 
On oxidation they give a-azo-quinoline and -lepidine, m.p. 230°, and 
235° respectively, and by reduction with zinc dust and HCl a-amino- 
quinoline and -lepidine. 

a-Benzenehydrazoquinoline, (C9H9N)NHNHC9H5, m.p. 191°, gives 
on oxidation benzeneazoquinoline, m.p. 93° (B. 24 , 2817). 

Hydroxyquinolines. — The hydroxyquinolines manifest the character 
both of bases and of phenols. Those containing the hydroxyl in the 
benzene nucleus, called also quinophenoles or oxybenzoquinolines, are 
synthesized from the three aminophenols by Skraup’s and DObner- 
Miller’s reactions; also by reduction of the Bz-nitroquinolines, or 
from the quinoline sulphonic acids by fusion with caustic potash 
(B. 28 , R. 912). Into the hydroxyquinolines thus obtained further 
hydroxyl groups can then be introduced by fusion with potash. 

i-Hydroxyquinoline, CgHgpH): (C3H3N), is most readily prepared 
from i-quinoline sulphonic acid (B. 16 , 712). It melts at 75° and boils 
at 266°. From it is obtained i-Ethoxy-4-acetaininoquinoline, analgene, 
CgH2(OC2H5)(NH.COCH3): (C3H3N), melting at 155°, which has been 
recommended for the alleviation of pain. ^-Hy&oxyquinoline, m.p. 
194®, is also formed from xanthoquinic acid by rejection of COgi the 
iodoalkylates of ^-hydroxyquinoline yield stable quinolinium hy- 
droxides, while the ^-alkoxy-quinolines behave in this matter like the 
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other quinoline derivatives (B. 86, 456, 1169). Loretin, used as a 
substitute for iodoform, is an m-iodo-o-hydroxyquinoline-iJ^-sulphonic 
acid, CeH(0H)I(S03H)(C3H3N) (J. pr. Ch. [2], 56 , 457). . 

The Bz-hydroxyquinolines, when acted upon in glacial acetic acid 
solution with chlorine (Zincke’s method), are converted, like the naph- 
thols, into chlorinated quinoline-quinones, which (similarly to the 
conversion of naphthalene derivatives into indenes) are rearranged to 
pyrindene derivatives of a condensed pyridine and cyr/opentene ring. 
Thus from ^-hydroxyquinoline and chlorine by various transforma- 
tions of the primary reaction-products, dichlorotriketotetrahydro- 
Quinoline (i) results. This, on boiling with water, becomes ^-chloro- 
a-oxypyrindone (2), from which dichloracetopicolinic acid (3) is obtained 
by rupture of the ring (A. 290 , 321) : 

/CO— CO /C(OH). /COCHCI2 

(I) CgHjN/ I > (2) C5H3N<( >CC1-> (3) C3H3N( 

XO— CCI3 XO — ^COOH 

Pyrindene derivatives have also been obtained by syntheses: 

Diketo-hydropyrindenecarboxylic ester, C5H3n{^^^^q>chco 2CH3, from 
quinolinic acid ester with acetic ester and sodium (B. 35 , 1411). 

/5-Phenyl-diketo-hydropyrindene, C6H8n{[;^^^^^chc„H 5. by trans- 

i I 

position from the henzylidene cinchomeronide, OCOC5H3NC : CHCgHg, 
the condensation product of cinchomeronic acid anhydride with 
phenyl-acetic acid (B. 37, 2137). ay-Diphenyl-hydropyrindene, from 
the diketone resulting from the addition of cydo- pentanone to 
benzalacctophenone on treatment with hydroxylamine (B. 35, 3973) : 

/CH2XH.CH(CeH3).CH2 NH^OH /CH^C -CCCeH^)— CH 

Cxlox • • '“^CHo\ 

NcH^XO COCeHg ''XCHjC^-N CCoH^ 

The hydroxyquinolines with hydroxyl in the pyridine nucleus are 
feebler bases and phenols than the Bz-Hydroxyquinolines. As in the 
case of the oxypyridines or pyridones, it is undetermined whether the 
hydroxyl or keto-form should be given to the oxyquinolines of the 
a- and y-positions. Ethers, however, of the two forms — e.g., carbo- 
styril and pseudocarbostyril — exist: 


/CH : CH XH : CH 

K I and CeHX j ; 
: C.OR ^NR.CO 


X(OR) : CH XO— CH 

CeHX I and Cel’ 

^N=CH 


For syntheses of Py-hy dr oxyquinolines, see above. 
a-Hydroxyauinoline, Carbostyril, C9H70N( + H20), the lactim or 
lactam of o-amino-cinnamic acid, is most readily obtained by the 
reduction of o-nitro-cinnamic ester (B. 14 , 1916). It may also be 

/CHOCHj 

prepared from o-acetamino-benzaldehyde, caustic 

soda (C. 1900, II. 427) ; from a-chloroquinoline by heating it with 
water, and by digesting quinoline with a bleaching lime solution (B. 21 , 
619). It melts at 199°. 
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Water decomposes its salts with alkalies and acids. Potassium 

* ... POOTT 

permanganate oxidizes it to oxalylanthranilic acid, XOXOjH* 

Sodium and alcohol reduce it to tetrahydroquinoline. 

Carbostyril methyl ether, boiling at 247°, and the ethyl ether, boiling 
at 256°, or a-methoxy~ and ethoxy -quinolines, are oils. They are pro- 
duced by the action of the alkyl iodides upon the Na- or Ag-salts of 
carbostyril, by the action of sodium alcoholates upon a-chlorquinolines, 
and when o-aminocinnamic esters are digested with alcoholic zinc 
chloride. 

The Y^soMdiOcarhostyril ethers — the methyl, melting at 71°, and the 
ethyl, at 54°, otherwise iV-methyl- and iV-ethyl-a-quinolone — are 
produced by the action of the alkyl iodides upon free carbostyril in 
the presence of alkalies. Also when sodium hydroxide acts upon 
methyl- and ethyl-quinolinium iodide. A’-Methylquinolone is also 
produced when ethoxyquinoline is heated with methyl iodide (B. 30 , 
930). With P2S5 it yields iV-methylthio-quinolone, C^HgSN(CH3), 
m.p. 118° (B. 33 , 3358). 

i-Nitrocarbostyril, C9H(,(N02)0N, melting at 168°, results from the 
action of alcoholic ammonia upon nitrocoumarin. 3-Hydroxycarbo- 
styril, melting beyond 300°, is formed by the condensation of 6-amino- 
w-hydroxycinnamic acid, which is produced in the electrolytic reduc- 
tion of o-nitrocinnamic acid. jS-H^rdroxyguinoline, (CgHgN)©!!, m.p. 
198°, from diazotated / 5 -aminoquinoline (C. 1910, 1 . 2103). / 5 -Hydroxy- 
quinaldine, C9H5(CH3)N[/3]OH, has been prepared by the condensation 
of o-aminobenzaldehyde and chloracetone with NaHO (B. 35 , 2554). 

y-Methyl-a-hydroxyquinoline, y-Methylcarbostyril, or Lepidone, 
C9Hg(CH3)ON, melting at 223° and boiling at 270° (17 mm.), is obtained 
from acetoacetanilide. Its lactime ether, a-M ethoxy- y-methylquinoUne, 
boiling at 276°, results when NaOCHg acts upon a-chlorlepidine. The 
lactam ether, N -methyl lepidone, melting at 131°, is prepared from 
acetoacetic ester and methylaniline, and by heating ethoxylepidine 
with methyl iodide (B. 30 , 931). 

jB>?-Amino-lepidone, m.p. 270"", from m-phenylene diamine and 
aceto-acetic ester (B. 31 , 798). 

Dilepidone, [€9115(0113) ON] 2, is formed from benzidine and aceto- 
acetic ester. 

y-Hydroxyquinoline, Kynurine, C9H70N(-f3H20), is made by 
heating kynurenic acid (hydroxyquinolinecarboxylic acid), and by 
oxidizing cinchonine and cinchoninic acid with chromic acid (B. 22 , 

758)* It melts at 201^. PCI5 converts it into y-chloroquinaldine 
(B. 27 , R. 748), from which sodium methylate produces y-methoxy- 
quinoline, m.p. 31°, b.p. 245°; the latter, ^Iso obtained from kynurine 
and diazomethane, on heating to 300° to 310°, transposes into 
A^-methyl-y-quinolone, m.p. 143° (M. 27 , 255). 

y-Hydroxy-a-methylquinoline, y-Hydroxyquinaldine, y-quinaldone, 
C9He(CH3)0N( + 2H20), m.p. 231°, from aceto-acetic ester, anil 
also gives two isomeric ethers, y-methoxyquinaldine, b.p. 298°, and 
iV-methyl quinaldone, m.p. 175° (B. 22 , 78) ; both ethers give, with 

methyl iodide, the same iodo-methylate, , which, 

NNliCHaj s=C .CHft 
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on heating or treatment with alkalies, gives iV-methyl quinaldone 
(B. 80 , 922); compare the similar behaviour of the antipyrines, 
pyridones, etc. 

The two isomers, quinaldone and lepidone, are also produced 
together from o-acetamino- acetophenone with NaHO: 




yCO.Cn 

.NH:CCHa 


® ^^NHCOCH. 


X:(CH3) : CH 
CO 


Similar reactions are shown by o-propiono- and o-butyr-amino- 
acetophenones ; o-acetamino-benzo-phenone gives a-oxy-y-phenyl 
quinoline, m.p. 259°. 

^,y-Dihydroxy-quinoline, C9H7O2N, is formed by the saponification 
of ^-methoxy-kynurine, produced from />-methoxy-y- amino-quinoline 
with nitrous acid (B. 29 , R. 675). 

a,y-Dihydroxy-quinoline, y- Hydroxy -carbostyril, C9H7O2N, sub- 
liming, is formed from y-bromocarbostyril with potash; from o-amino- 
phenyl propiolic acid by heating with SO4H2 ; by the condensation of 
anthranilic acid ester and acetic ester with sodium (B. 32 , 3570) ; or 
from o-acetanthranilic acid ester by means of sodium (C. 1900, 1 . 427; 
1901, 1 . 236). With diazonium salts it combines to form fast azo-dye- 
stuffs (C. 1906, 1 . 109). Reduction of its / 5 -nitroso derivative produces 
a^y-trihydroxy-quinoline, C9H7O3N, which is oxidized by ferric chloride 
to quinisatinic acid and quinisatin of triketo-tetrahydroquinoline 
(B. 17 , 985). 

Thiolquinoline, (C9H3N)SH, m.p. 175°, and ^-methylthiolquinoline, 

m.p. 210°, from a-chloroquinoline and a - chlorotoluquinoline, with 
KSH (B. 32, 1305); A^-methylttiiolquinoline is obtained from methyl 
carbostyril (see above). 

Quinoline A Idehydes and Ketones. — 0 - Quinoline - aldehyde, 
CHO.CgH3[C3H3N], m.p. 95° (see B. 38, 1280). a-Quinoline aldehyde, 
C9Hg(CHO)N, m.p. 71°, is formed from a-quinolyl acrylic acid with 
KMnO^; its oxime, m.p. 189°, from o-amino-benzaldehyde with wo- 
rn troso- acetone by method 2 (J. pr. Ch. [2], 66, 264). 

A nitro-y-quinoline aldehyde, (N02)C9H5(CH0)N, m.p. 175°, is 
obtained from nitro-dibromo-lepidine, (N02)C9H5(CHBr2)N, with lead 
acetate (B. 31 , 2368). 

Py-Quinoline ketones are produced by synthetic method 2 from 
o-amino-benzaldehyde and i?-diketones : 

/^-Acetylquinaldine, C9H5(CH3)(COCH2)N, melts at 57 - 5 ° (B. 25, 
1756.) 

/5-Acetylcarbostyril, C9Hg(COCH3)ON, melting at 232°, is formed 
from o-amino-benzaldehyde and acetoacetic ester (B. 16, 1838). 

y-Acetacetylquinoline, C9H7N(CO.CH2.CO.CH3), melting at 65® 
and boiling at 206° (17 mm.), is prepared from cinchoninic ester, 
acetone, and sodium ethylate. It condenses with phenylhydrazine to 
phenylquinolylmethylpyrazole, melting at 120®, and with two mole- 
cules of o-amino-benzaldehyde to diquinolyl quinoline (B. 29 , R. 845). 

Quinoline Carboxylic Acids. — ^They exhibit the character of amino- 
acids. Those substituted in the benzene nucleus have been S3mthesized 
from the amino-benzoic acids (B. 28 , 2809), and are produced when 
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Bz-diky\ quinolines are treated with chromic acid. The Pj/-quinoline 
carboxylic acids also result from the action of a chromic acid mixture 
upon Py-alkyl quinolines. The alkyl groups in the y-position are most 
easily oxidized, the /?- with more difficulty, and the alkyl groups in the 
a-position with the greatest difficulty (B. 23 , 2254) (p. 544 )- When they 
are heated, carbon dioxide is expelled and the respective quinolines 
are produced. The acids, carrying the carboxyl in the a-position, are 
coloured reddish-yellow by ferrous sulphate. 

o-QuinoUnecarboxylic acid, C9HgN(COOI^, melts at 187°. The 
meta-diCid melts at 248^-250°. The para-dicid melts at about 291°. 
The ana-diQid melts at 360° (A. 237 , 325; B. 19 , R. 443, 548; 43 , 3026). 

a-Quinolinecarboxylic acid, Quinaldinic acid, crystallizes from hot 
water in needles containing 2H2O; it melts at 156°, and decomposes. 
It is obtained from quinaldine, or, better, from the condensation 
products of quinaldine with formaldehyde (B. 39 , 2329). On heating 
with acetic or benzoic acid anhydride it splits off COj, and turns into 
a red substance very sensitive to light (B. 38 , 2127). Quinaldinic acid 
chloride, m.p. 97° (B. 39 , 2330). 

i5-Quinolinecarboxylic acid is also produced by heating acridic acid. 
It melts at 273° (B. 18 , 1640). 

y-Quinolinecarboxylic acid, cinchoninic acid, was first produced 
upon oxidizing cinchonine with potassium permanganate or nitric acid. 
It contains I or 2H2O. It melts at 254°. Synthetically it has been pro- 
duced by the condensation of isatinic acid, acetaldoxime, and NaHO 
(J. pr. Ch. [2], 66, 263). Chloride, m.p. 170'' (C. 1901, I. 1052). Its 
nitrile, m.p. 95'', is formed from the A/'-methyl-dihydro-cinchoninic acid 
nitrile, the transformation product of quinoline methiodide with 
KCN, by oxidation with alcoholic iodine solution and disintegration of 
the resulting cinchoninic acid nitrile methiodide by heating (B. 44, 
2058). The acid easily yields quinoline; KMn04 oxidizes it to a^y- 
pyridine tricarboxylic acid. Nitro-sulphuric acid nitrates cinchoninic 
acid to aw^n-nitro-cinchoninic acid, which is reduced by ammonium 
sulphide to awa-amino-cinchonic acid. This acid easily yields an 

anhydride, m.p. 255° (B. 32 , 717), analogous to peri- 

I [7] CO 

naptho-styril. 

Alkyl cinchoninic acids are produced by the condensation of alde- 
hydes with pyro-racemic acid and anilines (B. 22, R. 23; 42 , 4072; 
A. 281 , i); also from isatinic acid, hy method 2 

(J. pr. Ch. [2], 56 , 283; 57 , 467; 66, 263). , . / ^ xr /ru n 

a-Methylcinchoninic acid, Aniluvitoninic actd, CgHg^Clig)- 
(C00H)N(-f-H20), m.p. 242°, is formed from pyro-racemic acid and 
aniline (B. 20, 1769), and from isatinic acid and acetone. a-Phenyl 
cinchoninic acid, m.p. 209°, from aniline, benzaldehyde, and pyro- 
racemic acid, or isatinic acid and acetophenone, is recommended 
under the name Atophane as an antineuralgic and a remedy for gout. 
i?-Methyl and j^-phenylcinchoninic acid, m.p. 254^^ and 273°, from 
isatinic acid with propionaldoxime and phenylacetaldoxime re- 
spectively (B. 39, 982; 40, 1088). aj5-Diphenyl- and -dimethylcin- 
choninic acid, m.p. 295° and 316° with dec. (J. pr. Ch. [ 2 ], 66 , 283 ). 
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a-Methylaiiinoline-/?-carboxylic acid, Quinaldine-jS-carboxylic acid, 

m.p. 234° with dec., is formed from o-amino-benzaldehyde with aceto- 
acetic ester (J. pr. Ch. [2], 66, 373). 

y-Methylquinoline-a-carboxylic acid, Lepidine-a-carboxylic acid, 

^•P* I53°-I54°» from y-methylmethylolquinaldine by oxidation and 
rejection of COg (B. 37 , 1322). 

Acridinic acid, a,; 9 -Quinoline-dicarboxylic acid, C9H5N(COOH)o, 
is produced when acridine is oxidized with potassium permanganate, 
just as quinoline yields a, / 5 -pyridinedicarboxylic acid. It crystalhzes in 
needles with zHgO, or plates with iHgO, and decomposes at I20°-I30°. 

a, 7 -Quinolinedicarboxylic acid results when a-cinnamenyl-cin- 
choninic acid is oxidized with potassium permanganate (B. 22 , 3009). 
It melts at 246° with decomposition (B. 22 , 3009). It is also formed 
from isatinic acid with pyro-racemic acid (J. pr. Ch. [2], 56 , 308). 

Quinaldine-/^, y-dicarboxylic acid,C9H4(CH3)N(COOH)2, from isatinic 
acid and aceto-acetic ester. The following are produced similarly: 

a-Phenyl-y^y-quinolinedicarboxylic acid, C9H4(C9H5)N(COOH)2, with 
benzoyl acetic ester, Quinaldine-j^y-aceto-carboxylic acid, C9H4(CH3)N- 
(CH2C00H)(C00H), with laevulinic acid, and others (J pr. Ch. [2], 
57 , 467). 

Hydroxyquinoline Carboxylic Acids : 

a-Hydroxyquinoline-/ 3 -carboxylic acid, C9H5(OH)(COOH)N, results 
in the condensation of o-amino-benzaldehyde with malonic acid, and 
melts above 320°. 

a-Hydroxyquinoline-)^-carboxylic acid is formed on melting cin- 
choninic acid with potash. It melts at 310° and decomposes. It is 
obtained by fusing cinchoninic acid with potash and by internal con- 
densation of A^-acetyl isatinic acid, 1900, I. 427). 

Both acids decompose into COo and carbostyril on heating their 
silver salts. ^ 

Ksmurenic Acid is a y-hydroxyquinoline- p-carhoxy lie acid. It occurs 
in the urine of dogs after the ingestion of meat. It is also formed in 
the transformation of the primary disintegration product of albumen 
called tryptophane (Z. physiol. Ch. 43, 325), and has been obtained 
synthetically from o-formyl-amino-phenyl-propiolic acid ester by 
boiling with NaHO (B. 34 , 2703). It contains iHgO, and melts at 
257°. Fusion with caustic potash converts it into COg and kynurine 
or y-hydroxyquinoline; on oxidation it yields kynuric acid or oxalyl 
anthranilic acid. 

j?>-Hydro^quinoline-y-carboxyUc Acid, C9H5(0H)N(C02H)( + H20), 

Xanthoquinic acid, results on fusing j^amsulphocinchoninic acid with 
KOH. It melts at 320° with decomposition. Its methyl ether, 
quinic acid, C9H5(0 . CH3)N(C02H), is obtained by oxidizing quinine and 
quinidin with chromic acid in sulphuric acid solution. It melts at 280°. 

y-Hydroxyquinddine./J-carboxyUc Acid, C9H4{CH3)ON(COOH), 
melting at 245° with decomposition, results in the condensation of 
anthranilic acid with acetoacetic ester (B. 27 , 1396). 

a-Hydromuinoline-y-acetic acid, (C^UfiN)Cll^C 001 i, m.p. 206° 
with dec., is obtained by the condensation of acetone dicarboxylic 
acid anilide with sulphuric acid ; B^-ammo-a-hydroxyquinoline--y-> 
acetic acid is formed similarly (B. 33 , 3439). 
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HYDROQUINOLINES. 


Dihydro-quinolines have hitherto only been obtained in bimolecular 
or polymolecular form in the reduction of quinolines with zinc dust 
and HCl, besides the tetrahydroquinolines (B. 44 , 2106). In this 
form they are not further reducible to tetrahydroquinolines, but they 
easily pass into the corresponding quinolines on oxidation with HgO, 
CrOg, etc. 

Dibydroquinaldine, [C9H8N(CH3)]2, m.p. 178°; o-Toludihydro- 
quinoline, m.p. 144°; o-Toludihydroquinaldine, m.p. 217°. 

A7^,a.Dialkyl- and A/^,a,a-Trialkyl-A,;0-dihydroquinolines are formed 
by the action of alkyl magnesium haloids upon the quinoline iodo- 
alkylates. They are mono-molecular, and are reduced by tin and HCl 
to tetrahydroquinolines (B. 42 , iioi). 

AT^-Methyl-a-methyl- and iV-methyl-a-ethyldihydroquinoline, b.p. 
258° and 266°. AT-Methyl-a-phenyldibydroquinoline, m.p. 90°, yields 
with Mn04K ^-methyl benzoyl anthranilic acid; A7',a-dimetliyldihydro- 
quinaldine, b.p. 274°. 

Other dihydroquinolines must be assumed as intermediate products 
in the quinoline ring syntheses according to the method of Dobncr and 
V. Miller, which, however, cannot as a rule be isolated on account of 
their instability. On condensing anilines with pyro-racemic acid and 
adding formaldehyde, derivatives of dihydro-a-methylcinchoninic 
acid are obtained, the so-called hydro^glaticoninic acids, of the probable 

< C(COOH) * CH 

which in alkaline solution 

_ NH CH(cn 3 )j 3 

are converted into glauconinic acids, blue mordant dyes, by oxidation 
in air. Their structure recalls that of the triphenyl-methane dyes 
(compare B. 31 , 686; 33 , 677). 

On Bz-Hydroxy-a, y, y-trimethyl-dihydro-quinoline, 

C(CH ) CH 

C6H3(0H)/ ^ ^ ^I'oiR w^-aminophenol and mesityl oxide, see 

\^N CCxi 3 

B. 32 , 3701. 

Tetrahydroquinolines. — These are produced when the quinolines are 
reduced with tin and hydrochloric acid, or with sodium and alcohol. 
The pyridine nucleus then takes up four hydrogen atoms. This proce- 
dure changes the chemical nature of the quinolines very materially. 
The tetrahydroquinolines behave like secondary fatty -aromatic amines. 
Nitrous acid converts them into iV-nitrosamines, which readily rearrange 
themselves to B^^-^-nitrosamines. With the salts of diazobenzene 
they yield diazoamino-compounds, which readily pass over into p- 
azobenzene derivatives. This alteration ip the chemical character of 
quinoline is similar to that seen in the indoles by their change to 
dihydroindoles. The tetrahydroquinolines are to be regarded as ring 
homologues of the dihydroindoles: 


/CH. 

Dibydromethylladole. 


yCH2 CH 2 

c.h/ I ' 

\nH— CHCH j 
Tetrahydroquinaldine. 


whereas the basal substances, the indoles and the quinolines, behave 
very differently. The tetrahydroquinolines are oxidized to quinolines 
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again by iodine, chromic acid, silver acetate, or Hg(N03)2 (B. 27 , 824; 
C. 1900, 1 . 137). 

Like piperidine, tetrahydroquinoline can be split up into deriva- 
tives of o-propyl aniline by treating its A'-benzoyl compounds with 
PCI5, or by the action of cyanogen toomide upon its AT-alkyl deriva- 
tives (B. 37 , 2921 ; 42 , 2219) : * 

fCH, CH, (-^,.^,.^,01 

^‘^‘(nCCOCsHj) . CH, ^ : C(C1)C,H, 

‘“*tN(R).CH, *“*\n{R)CN 

TetrahydroauinolinejCgHiiN, boilingat 244°, is liquid at the ordinary 
temperature. It is formed when tin and hydrochloric acid act upon 
quinoline and a- and y-chlorquinolines ; also by the action of sodium 
and alcohol upon carbostryril (B. 23 , 1142). Nitrous acid converts 
it into a nitroso-hodiY , which is easily rearranged to ^-nitr osotetYdhyd.ro- 
quinoline, melting at 134° (B. 16 , 732). With benzoyl chloride it forms 
n-henzoyltetrahydroquinoline, melting at 75°; with methyl iodide, 
iV-Methyltetrahydroguinoline, kairoline, C9H10N.CH3, boiling at 245°, 
which is said to have the same action as kairine (a febrifuge), the hydro- 
chloride of o-hydroJty-AT-methyltetrahydroquinoline, C9H9(OH)N.CH3, 
melting at 114°, and thalline, the sulphate of ^-methoxytetrahydro- 
quinoline, C9H9(OCH3)NH, melting at 42° and boiling at 283®, and 
possessing the action of a febrifuge. 

Tetrahydrotoluquinoline, CH3.C3H3: [C3H7N], boiling at 257®, is 
produced on boiling toluidine with trimethylene chlorobromide (B. 24 , 
2061 ; 25 , 2805) : 

BrCHg.CHg CHjj— CHg 

CHg.CeH.NH^ -f 1 > | 

CICH 2 NnH— CH a 

The m> 05 c?-compound melts at 51®; the benzene-diazo-hody at 99®. 

CH 

XTTT* > b-P- 247°, is also formed 

JN Jrl — CxlCH-g 

by the reduction of o-nitrobenzyl acetone, ^ 6 ^^<culcUzCOCB.^ , (B. 14 , 

890). Tetrahydroquinaldine possesses an asymmetric C-atom, and 
has been split up by means of its bitartrate and bromo-camphor 
sulphonate into two optically active components (B. 41 , 966; C. 1911, 
I. 162). 

A few quaternary tetrahydroquinolinium bases, with two different 
radicals like alkyl kairolinium hydroxide, C9HioN(CH3) (€3115)011, 
have been split up through their tf-camphor sulphonates and ^f-bromo- 
camphor sulphonates into optically active nitrogen compounds (B. 88, 
1840; 40 , 4450). 

The 5 -lactams of o-aminophenyl fatty acids — e.g., Hydrocarbo- 
styril, or o-amino-phenyl-propionic acid lactam — are keto-derivatives 
of tetrahydroquinoline. Hydrocarbostyril has been obtained by the 
Beckmann rearrangement of a-hydrindone oxime, as well as from 
its acid, /J-hydrocarbosfyril carboxylic acid, C9HioNO(COOH), melting 
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at 146° with decomposition. Its ester results in the reduction of nitro- 
benzyl malonic ester (B. 29 , 665). Quinisatin, or o-amino-benzoyl 
glyoxylic acid lactam, is triketotetrahydroquinoline, 

Tetrahydroquinoline-B^-carboxylic acids (see B. 35 , 2611). 

A derivative ofB^-tetrahydroquinolinehas been obtained by boiling 
the diketone produced by the condensation of benzal-acetophenone 
with 2-methyl-cyclohexanone, with hydroxylamine hydrochloride 
(B. 36 , 3978) : 

CHj . CH J . CH . CH (C,H,) . CH, CH , . CH, . C = C (C.HJ . CH 

CHjCH . CHj . CO COCeH, ^ CH,CH . CHj . C =N- CC,H, 

Hexa- and Decahydroquinolines. — When quinoline or tetrahydro- 
quinoline is heated to high temperatures with hydriodic acid and phos- 
phorus, or with hydrogen at no atmospheres pressure in the presence 
of nickel oxide to 240° (B. 41, 992), the benzene nucleus also takes up 
hydrogen, and the reaction product yields, in addition to a little hexa- 
hydroqoinoline, C9H13N, boiling at 226° (B. 27 , 1459), and other pro- 
ducts, decahydroQuinoline, CoH^gN, melting at 48° and boiling at 204°. 
It is a very volatile, strongly alkaline substance, which has a stupefying 
odour like that of coniine. While tetrahydroquinoline resembles the 
mixed fatty aromatic bases, decahydroquinoline manifests the proper- 
ties of a secondary amine of the aliphatic series. It is the piperidine 
of the quinoline group : 

CHa— CHa— CHa CHa— CHa— CII— CHa— CHa 

II III 

CHa— -NH— CHa CHg— CHa— CH— NH— CHg 

Piperidine. Decahydroquinoline. 


When its benzoyl and urethane derivatives are oxidized, decahydro- 
quinoline undergoes decompositions similar to those of piperidine ; the 
products are benzoylated o-aminohexahydrophenylpropionic acid and 
the methyl urethane of o-aminohexahydrophenylacetic acid : 

yCH2 CH, yCHo— CH-.COOH /CHa— — CH* /CH-.COOH 

CeHio< I -►C,Hi«<; , C.Hio< 1 — C.Hio< 

\N(CO.CjH6).CHa \NH(COC,Ha) \N(COaCH8).CHa \NH(CO,CII), 


Free o-aminohexamethylcnepropionic acid readily parts with water 

yCHa — CHa 

and becomes Decahydrocarbostyril, ^45^)* 

Julole and lilole compounds are derivatives of hydroquinolines. 
They are probably derived from the hypothetical parent substances: 



Lilole. 


CH CeHg.CH 

CH.CHaN — CH 

Lilole. 


and 



CH.CHa.N.CHj.CH 

Julole. 
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Lilole must be considered as a combination of the quinoline nucleus 
with the pyrrole nucleus, or of the pyridine nucleus with the indole 
nucleus, while julole is a combination of the quinoline nucleus with 
the pyridine nucleus. 

CO— C.H, CH .CHj 

Diketomethyllilolidine, | I , is obtained from 

CH, CO 

malonic ester and dihydromethylindole. It has been described in 
connection with the latter. 

/CH^— CH, 

(CH8)C— CeHg/ I 

Ketomethyljuloline, || — ch^, melting at 130®, is 

HC 

formed from tetrahydroquinoline and acetoacetic ester (B. 24 , 

^ 45 )- 


Julolidine, 





H 




melting at 40°, is produced on 


CHa CHa 

boiling tetrahydroquinoline with one molecule of trimethylene chloro- 
bromide, or aniline with two molecules of trimethylene chloro- 
bromide (B. 25 , 2801). Both julole derivatives are bases, whereas 


diketojulolidine, 


CO-CeH3<^ 


,CH„— CHa 


CHo 


‘N— 

I 

CO 


-Ha, obtained from tetrahydroquino- 


line and malonic ester, has only acid properties. 

A similar combination is contained in tetrahydroquinolyl-a-pro- 

picnic acid lactam, m.p. The tetra- 

hydroquinolyl propionic acid and the lactam are obtained by the 
reduction of quinolyl-a- acrylic acid with Na and alcohol. It recalls 
strychnine in many ways (B. 33 , 218). See also piperolidone. 


III. CONDENSED QUINOLINES. 

Condensations similar to those effected through aniline in the quino- 
line syntheses can be carried out with the higher aromatic amines — 
e.g., naphthylamine, anthramine, the aminoquinolines, the phenylene- 
diamines, etc. All these amines yield with glycerol (Skraup), or with 
aldehydes, etc. (Ddbner-Miller, p. 189), higher condensed bases 
containing the quinoline nucleus. 

In these reactions the pyridine ring, as a rule, then attaches itself 
only to two such members of the benzene nucleus, which, according 
to the requirements of the Kekule formula, are doubly linked (B. 26 , 
R. 402; 27 , R. 631). This would argue against the various centric 
and diagonal formulas which have been suggested for the derivatives 
of benzene and of pyridine. 

A andB , — ^The two naphthylamines give rise to a- and )8-naphtho- 
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quinoline ( 1 . and II.) (constitution, see J. pr. Ch. [2], 67 , 85) ; amino- 
anthracenes give rise to anthraquinolines (IIL). 


CH 



C and D, — m- and ^-phenylene diamines, and m- and ^-amino- 
quinolines, give rise to phenanthrolines (I.) and _/>S(5^^^{>-phenanthrolines 
(11.) ; a third isomeric phenanthroline (III.) is obtained from o-amino- 
quinoline. The three isomerides ^ight be suitably distinguished as 
m-yp-y and o-phenanthroline respectively; a fourth isomer, quino-y- 
pyridine (IV.), is formed from y-amino-quinolines. 



On a fifth isomeride, isoquino-j^-pyridine, see below. In their 
behaviour all these bases resemble the quinolines. 

A. a-Naphthoquinoline, C13H9N, melts at 52° and boils at 251°. 
/J-Napthhoquinoline melts at 93°. The latter is obtained from the /?- . 
naph thy famines substitutedinthe a-position by bromine or NOg, through 
the splitting-off of the substituents. Potassium permanganate converts 
the naphthoquinolines into two phenylpyridinedicarboxylic acids. 

Amination and subsequent oxidation with KMn04 convert a- 
naphthoquinoline into quinoline-i,2-dicarboxylic acid, and ^-naphtho- 
quinoline into quinoline-2, 3-dicarboxylic acid (C. 1907, I. 637). For 
derivatives, see J. pr. Ch. [2], 67 , 49. 

The monamide of ^-phenylpyridinedicarboxylic acid, treated with 
Br solution, produces hydroxy-^soq[uino-) 5 -pyridine, 

CH:CH.C.COaH NHaCO.C.NiCH ^ CH : CH.C.C(OH) : N.C— N : CH 
CH : CH . C C . CH:CH ^ CH ; CH . C C . CH : CH 

which, on reduction with HI and phosphorus, yields isoquinopyridine, 
C12H8N2, m.p. 114°, b.p. above 360° (B. 35 , 296). 

The hydride products of the napthoquinolines are noteworthy. 
By reduction with Sn and hydrochloric acid the pyridine nucleus, as in 
the case of quinoline, is hydrogenated. 

Tetrahydro-(a)-naphthoquinoline,CioH6<^^^'^^'^ melting at 46^ 

and the P-body, melting at 63°, behave like alky lie a- and ^-naphthyU 
amines. Sodium and boiling amyl alcohol produce ar-Octohydro- 
CHa— CH2>^ ^CHa— CH j 

melting at 48® and 
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boiling at 216® (37 mm.), and the ^-compound, melting at 60® 
and boiling at 325° (717 mm.). In these bodies not only the 
pyridine nucleus, but also the outer benzene nucleus, has taken 
up hydrogen atoms, which accounts for their aromatic henzene 
amine — alkylic aniline — character. From j5~naphthoquinoline there is 
simultaneously formed an isomeric ac - Octohydro - ( ^) - naphtho- 
CHj— CHj— CH— CHa— CH, 

quinoline, I I I , melting at 91® and boiling at 321®, 

CH — ^NH — CH2 

in which the middle benzene nucleus is hydrogenated. It therefore 
corresponds to decahydroquinoline and possesses the properties of a 
piperidine. 

B. Anthraquinoline, C17H11N, melts at 170° and boils at 446®. Its 
solutions exhibit an intense blue fluorescence. Chromic acid oxidizes 
it to anthraquinone quinoline, corresponding to anthraquinone. Its 
dihydroxy-compound is the so-called Alizarin Blue (A. 201, 349). The 
isomeric a-anthxaquinonequinoline, m.p. 169°, can be obtained from 
a-amino-anthraquinone with glycerin and SO4H2 (C. 1908, I. 76), 
while /3-amino-anthraquinone in this reaction produces benzanthrone 
and benzanthronequinoline, CgoHnON, m.p. 251°, both of which, on 
fusion with alkali, are converted into an eminently fast blue-violet 
vat dye called cyanthrene (B. 38, 194; C. 1906, II. 573). Alizarin 

XOv .CH-CPI 

Blue, Dihydroxyanthraquinonequinoline, /Cc(oh)2<^ , 

melting at 270®. It consists of metallic, bluish-violet coloured needles. 
It is produced when /5-nitro-alizarin or amino- alizarin is heated with 
glycerol and sulphuric acid (B. 18, 445; 29, 708). It unites with acids 
and bases to form salts. It occurs in trade in the form of a bluish- 
violet paste, and, like alizarin, is applied in dyeing. Since reducing 
agents decolorize it (zinc dust, grape sugar) and it again separates 
on exposure to the air, it is adapted to vat dyeing. 

By the action of sulphuric acid more hydroxyl groups are introduced 
into alizarin blue. The products are alizarin blue green, alizarin green, 
alizarin indigo blue. These are mixtures of sulpho-acids of tri-, tetra-, 
and penta- hydroxy anthraquinonequinolines (B. 26, R. 71 1). In 

connection with anthraquinoline, nuorenequinolme, C 

ni.p. 133®, and 9,10-phenanthroquinoline, Ci7HigN, m.p. ”174®, are 
to be mentioned. They result from 2-amino-fluorene and 9-amino- 
phenanthrene respectively by Skraup's quinoline synthesis (B. 86, 
3275; 4fl, 1998). 

C. (m)-Plienanthroline, Ci2H8N2(-h2H20), melting at {65®) 78®, 
is obtained from W(?^-diaminobenzene or 2-aminoquinoline (B. 16, 
2519; 28, 1016). ^-Phenanthroline, Ps(?^^^fophenanthroline, is derived 
from 3-aminoquinoline, j^-diaminobenzene, or aminoazobenzene with 
glycerol and sulphuric acid. It melts at 173°. Potassium per- 
manganate oxidizes the phenanthrolines to a,^- and /?, /9-dipyridyl 
dicarboxylic acids (B. 23, 2623; 42, 2612). 

Phenyl-w- and ^-phenanthroline carboxylic acid, from m- and />- 
aminoquinoline with benzaldehyde and pyro-racemic acid (B. 33, 
2918, 2928). 
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a-Methyl-o-phenanthroIine, Ci2H7(CH3)N2( + 2H2O), melting at (53®) 
76°, is prepared from i-amidoquinaldine (B. 22, 253). 

In connection with the phenanthrolines we may mention pheno- 
tripyridine, Cq(C 3H3N)3, m.p. 236°, formed by attaching three pyridine 
nuclei to a benzene nucleus; this very stable compound results from 
1,3,5-triamino-benzol by Skraup's quinoline synthesis (Bull. soc. Ch. [3], 
13, 28). 

D. a-Methyl-y-qumoquinoline, Ci2H7(CH3)N2, melting at 206° and 
boiling at 360°, is prepared from y-amidoquinaldine, glycerol, sulphuric 
acid, and nitrobenzene (B. 27, R. 632). 


IV. /SOQUINOLINE GROUP. 

While quinoline or benzopyridine results from pyridine by the attach- 
ment of the benzene nucleus to its carbon atoms occupying the 
positions, the formula of the isomeric tsoquinoline or isobenzopyridine 
is produced by the benzene nucleus joining itself to the i5,y-C-atoms 
of pyridine, lisnitrogen member is therefore separated from the benzene 
nucleus by a methine group: 


Qulnolin 




Isoquinolia 


This constituti^on seems evident from the oxidation of /soquinolino 
to p, y-pyridinedicarboxylic acid, as well as from the methods by which 
it is obtained synthetically. 

Quinoline is similar to fsoquinoline in its deportment. It is found 
with it in coal-tar (Hoogewerff and van Dorpp, 1885). It is the mother 
substance of a class of important alkaloids belonging to the opium 
bases — e.g., papaverine, narcotine, hydrastine, etc. 

Syntheses of isoquinoline Derivatives. — i. ^S(9Quinolines are formed 
by ring completion from benzene derivatives of the constitutions 
CeHg— C— N— C— CO and C3H3— C--C— N— CO. 

{a) isoQuinoline is formed from benzylidene amino-acetal or benzyl 
amino-acetaldehyde by heating with H2SO4 (B. 27, R. 628; 28, 764; 
compare B. 42, 2374) : 


(R0)2CH— CHg /CH=CH 

I ^ ^0^ 

Benzylidene-amino*acetal. /soquinoline. 

[h) From acylated w-phenyl ethylamines, by splitting off water 
with P2O5 in boiling toluene or xylene solution, dihydro-woquinolines 
are formed, which can be oxidized to ^’soquinolines by means of KMnO^ 
in acid solution (B. 42, 1973, 2075; C. 1912, I. 1267): 


C4H5CH.--CH, 

CeH^CO NH 

VOL. III. 




CHj 


CH 
: N 
P 
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Similarly, t'soquinolines are obtained direct from acylated amino- 
phenyl carbinols of the formula C8H5CH(OH)CH2NHCOR by means 
of P2O5 (B. 43 , 2384) : 

/CH(OH)-CH, m . O ' „ „ /CH=CH 
* ‘ OCH— NH “^*\CH=N 


T etrahydro-Koquinolines, on the other hand, are formed by the con- 
densation of <i)-phenyl ethylamines with aldehydes (B. 44 , 2030) ; 

C,H,CH,-CH, - C II /CH,— CH, 

CH,0 + NH, ^ * *\CH,— NH 


(c) Some interest attaches to the formation of isoquinoline from 
cinnamic aldoxime, and from benzylidene acetoxime by heating with 
27 , 2795 ; 28 , 818). We must here assume an atomic displace- 
ment analogous to Beckmann’s transformation; 


CeHjiCH:CH.CH:N.OH > [CeH^XHiCH .NH .COH] 


‘C 

N:h = 


N 


2. The linking oxygen atom in the lactones of the formula 

CR=CRi 

C8H4<; I , so-called isocoumarins, can readily be exchanged for 
^co— o 

the NH-group by means of cold aqueous ammonia. The products 
are isoquinolines or isocarbostyrils, which by successive treatment 
with PCI5 and HI and phosphorus, or with zinc dust, are converted 
into isoquinolines. Homophthalides and homologous homophthalides, 
under similar treatment, are also changed to isoquinolines (B. 21 , 2299; 
25 , 1138, 1493, 3563; 26 , 1842): 


XH2.CO 
I - 
XO . NH 
Homo-phthalimide. 


XeH 


XH=CC1 


.CH=:CH 


V^V^l yV^xx 

/ I >CeH4<( 

xci=N x:h = 


Zn 


a,/3-DichlorisoquinoIine. 


N 

/soquinoline. 


xh=ch 

C.H,/ I 
XO— NH 

/so-carbostyril. 


isoQoinoline, C9H7N, melting at 23^^ and boiling at 240*5°, is very 
similar to quinoline. It occurs, together with ordinary quinoline, in the 
crude quinoline from coal-tar. It is separated from the accompanying 
compounds by the crystallization of the sulphates (B. 18 , R, 384). In 
addition to the methods given above it is also produced by distilling 
benzylidine ethylamine, C^Hg.CH: N.CHg.CHg, through tubes heated 
to redness (B. 25 , 734). Potassium permanganate oxidizes it to phthalic 
acid (destroying the pyridine nucleus) and j8,y-pyridine dicarboxylic 
acid (by destroying the benzene nucleus). 

Alkylic phthalic acid imides are produced from the halogen alkyl 
addition products of isoquinolin (B. 21 , R. 786). 

Its methiodide, C9H7N.ICH3, melts at 159°, and its ethiodide 
at 148°. The iodalkylates of tsoquinoline resemble in their trans- 
formations the pyridinium and quinolinium iodides. With NaHO 
they first form the unstable fsoquinolinium hydroxide and thena-hydr- 
oxydihydro-tsoquinolines, which are oxidized to A-alkyl-a-isoquinolones 
by alk^ine potassium ferricyanide solution. With alkyl magnesium 
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haloids they yield iV,a-dialkyl hydro-/soquinolines. /soquinoline 
betaine (see C. 1902, II. 1326). 

Nitration of isoquinoline produces a B-^-nitro-isoquinoline, m.p. 
110° (B. 29 , R. 792). 2,3-Methylenedioxy-isoQuinoline, 

(C3H3N), m.p. 124°, from piperonal amino-acetal, on reduction yields 
tetrahydro - 2,3-methylenedioxy - isoquinoline or hydrohydrastinine 
(A. 286 , i). 3,4-Dimethoxy-isoguinoline, {CH30)2C3H2(C3H3N), m.p. 
94"", has been obtained by the action of concentrated HaSO^ and arsenic 
acid upon veratal amino-acetal. It is also produced by the breaking 
up of papaverine on fusion with alkali (B. 42 , 2374). 

B2-1- and 3-MethylisoQuinolines, boiling at 258° and melting at 
83®, and boiling at 264°, are prepared from 0- and j^-methylbenzylidene 
amino-acetal (C. 1897, I. 865). 

a-Methylisoauinoline, C9H3(CH3)N, boiling at 248° (its sulphate 
at 247''), results from the action of sulphuric acid upon acetophenone 
amino-acetal (B. 27 , R. 628), and from acetamino-methylphenyl 
carbinol with P2O5 (B. 43 , 2389). It is probably identical with the 
methyhsoquinoline isolated irompapaveroline{B. 23 ,R. 653). j^-Methyl- 
isc^quinoline, melting at 68° and boiling at 246°, is produced when methyl 
isocarbostyril is distilled with zinc dust. 7-MethyU'soquinoline, 
boiling at 256°, is formed when dimethylhomophthalimide is distilled 
with zinc dust (B. 21, 2300). /^-Ethylisoquinoline, C9(C2H5)HqN, 
boiling at 256°, and ^-Phenyhsoquinoline, €9(03115) HgN, melting at 
104°, are obtained from ethyl- and phenyl-^socarbostyril (B. 25 , 3573 ; 
27 , 2237). a-Phenyhsoquinoline, melting at 88°, is derived from benzo- 
phenoneimino-acetal, (€3115)20 : N€H2€H(0€2H5)2 ( 0 . 1897, I. 865);^or 
from benzoylamino-methyl phenyl carbinol with P2O5 (B. 43 , 2388}; 
and from its dihydro-compound with Mn04K (B. 42 , 1976). 

y-Benzyhsoquinoline, (€9H3N)€H2€3H5, m.p. 118°, b.p.23 238°, is 
formed, together with a little i^-benzyhsoquinoline, m.p. 104°, b.p.23 
311°, by heating tetrahydro^sequinoline with benzaldehyde ; y-benzyl 
^soquinoline on oxidation yields pyridine- tricarboxylic acid, a- 
Benzyhsoquinoline, m.p. 55°, b.p.23 228°, is formed from ^soquinoline 
and benzyl alcohol by heating; from phenacetylamino-methyl-phenyl- 
carbinol with P2O5 (B. 43 , 2387); and from its dihydro-compound 
(B. 42 , 1978). It is oxidized to pyridine-a/ 3 y- tricarboxylic acid, and 
is the foundation body for various alkaloids such as papaverine (B. 33 , 
1719; A. 326 , 261; 328 , 326). The iodomethylate of a-benzyh‘so- 
quinoline yields with soda, instead of the oxy-dihydro-base, the yellow 
iV-methyl-a-benzylidenedihydrowoquinoline, which is also obtained 
by the action of €3H5€H2Mg€l upon A'-methyl-a-tsoquinolone ; with 
HI it regenerates the iodo-methylate of a-benzyh’soquinoline (B. 37 , 

3396). 

On prolonged boiling of a-benzyh*soquinoline iodo-methylate with 
NaHO, it splits off methylamine, and passes into i?-phenyl-a-naphthol, 
a process which only becomes intelligible on the supposition of a 
splitting of the ring of the primarily formed iV-methyl-a-benzylidene 
dihydro^’soquinoline (A. 362 , 305) : 

CH rCH,.CHO 

* *lC(:CHC,H,).NCH, ‘“HcO.CHjC.H, ^ ‘“‘\c(OH) ; C.C.Hj 
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A beautiful red dye — Quinoline Bed — is produced by condensing 
benzotrichloride with quinaldine and fcoquinoline when they are heated 
with zinc chloride. This compound has a constitution analogous to 
that of malachite green (B. 20 , 4). 

In addition to its colouring properties, it possesses the remarkable 
power of rendering photographic plates orthochromatic. 

isoQuinolines, with halogens in the pyridine nucleus, result when PCI5 
acts upon the /sc?carbost5nrils (below) and homophthalimides. Chlorine 
atoms in the a-position have the same reactivity as the chlorine atoms 
in the a- or y-position of quinoline. 

a-ChlomoQuinoline, CgH^ClN, m.p. 38®, b.p. 275°, is formed from 
/socarbostyril with POCI3 (B. 83 , 985). ^S-Chlorisoquinoline, m.p. 48®, 
b.p. 281®, is formed by the partial reduction of aj^-dichlonsoquinoline, 
C9H5CI2N, m.p. 122®, b.p. 306®, which is formed from homophthalimide 
with POCI3 (B. 19, 2355). ay-Dichlomoquinoline, m.p. 89®, from oxy- 
tsocarbostyril with POCI3 together with a-chloro-y-hydroxytsoquino- 
line, m.p. 196® (B. 33 , 986). 

a-Cbloro-/?-methyl and a-Chloro- /9-phenyl tsoquinolines, melting 
at 36® and 77®, are obtained from the corresponding isocarbostyrils. 
The latter combines with aniline to 

a-Anilino-/9-phenyl isoquinoline, C9H5(NHC3H5)N, melts at 126® 
(B. 25, 2709). 

OxyisoquinoUnes, isocarhostyrils, are isomeric with the carbo- 
styrils (below). They result from the action of ammonia upon iso- 
coumarins. Another universal method of producing the isocarhostyrils 
consists in rearranging the reaction products of acid anhydrides and 
o-cyanobenzyl cyanide with alkalies: 


■CH.(CN) /C(CN)=C.CH, 


XN 

o-Cyanobenzyl 

Cyanide. 


>C.H/ 

XN O.COCH, 

v//-Diacetyl-o-cyanobenzyl 

Cyanide. 


/C(CN)=C.CH, 

I 

^CO — — NH 
y-Cyano-^-methyl 
isocarbostyril. 


The alkyl cyan/socarbostyrils produced in this way are readily 
decomposed by concentrated sulphuric acid. The cyanogen group is 
eliminated, and / 9 - alkyl isocarhostyrils result (B. 27 , 827, 2232; 
29 , 2543). 

For producing ay-dihydroxyisoquinolines or y-hydroxyisocarbo- 
styrils there is a method consisting in the transposition of phthalimido- 
aliphatic esters by means of Na aJcoholate (B. 88, 980; 38 , 3542) : 

O , NH 

NCH,COaR- 


The resulting hydroxyisocarbostyril carboxylic esters are easily 
transformed into oxyisocarbostyrils, which on reduction immediately 
yield isocarbostyrils. 

isoCarbostynls, like the carbostyrils, yield ethers of the hydroxyl 
and keto-forms. The latter are obtained from isocarbostyrils and 
alkyl iodides, while the former are mostly made through the interaction 
of a-chlorisoquinolines and sodium alcoholates. 
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i5oCarbosiyril» a-isoQuinolone, C9H7ON, results from wocoumarin 
and ammonia, and from ^socarbostyrilcarbozylic acid, C^H^ON . COOH, 
a reaction product of aunmonia and isocoumarin carboxylic acid, by 
the elimination of CO2. 

/CK ::: 

a-Methoxy/5c?quinoline,CeH4< 1 , boiling at 240®, is pro- 

\C(0CH8) =n 

duced by the interaction of the silver salt of isocarbostyril and methyl 

/CH=CH 

iodide. The isomeric iV-Methyl-a-isoguinolone, CjH/ | , melt- 

\C0--N(CH8) 

ing at 54° (40°) (B. 26 , R. 270; 27 , 205), is obtained from isocarbo- 
styril, methyl iodide, and alkalies (B. 26 , R. 236), or by the action 
of alkaline potassium ferricyanide upon methyl isoquinoliriium 
iodide; other iV-alkyl isoquinolones are produced by the action of 
primary amines upon isocoumarin (B. 27 , 198) or its carboxylic acid. 
i 5 -Methyh*socarbostyril, C9(CH3)HeON, melts at 211°; /J-ethylwo- 
carbostyril melts at 141''; /?-isopropyh’socarbostyril melts at 221° 
(B. 29 , 2393). )^-Phenyhsocarbostynl, isobenzal phthalimidine, melt 
ing at 197°, also results from the action of ammonia upon isobenzal- 
phthalide (B. 18 , 2448; 27 , 2237). 

A bzm2, 3, 4 - Trihydroxy - y - methyhsocarbostyril, CeH(OH)3 > 
[€3112(0113)0]!^, is derived from the corresponding wocoumarin deriva- 
tive, which is produced when concentrated sulphuric acid acts upon 
gaUacetol, CeH2(OH)3.CO.O.CH2;COCH3 (B. 26 , 419). 

z5oCarbostyriI-i?-carboxylic acid, m.p. 319° with dec., has been 
isolated from fasciated plants of Syndesmon Thallictroldes in the form 
of its methyl ester (C. 1909, I. 87). 

y-Hydroxy^’socarbost:^!, C9H7O2N, is isomeric with homo-phthai- 
imide. It is formed on the saponification of y-hydroxytsocarbost3rril-/?- 
carboxylic ester, C9 Hq 02N(C02C2H5), m.p. 222®, the transposition 
product of phthalylglycine ester, CgH4(C0)2NCH2C02C2H6. The 
hydroxyzsocarbostyxil, on reduction with HI, gives wocarbost}^!!. 
Oxidation easily transforms it, like indoxyl, into indigo, a ring homo- 
logue of indigo, the so-called carbindigo, a vermihon-coloured powder. 
As indigo is oxidized to isatin, so carbindigo is converted by fuming 
nitric acid into phthalonimide, which is also formed from hydroxy- 
isocarbostyril direct, by oxidation with fuming nitric acid: 


*\cO NH 


yCO.C-— -C.CO\ /CO, CO 

>CaH.< . . yC.U. >2CeH.< 

® *\C0.NH HN.CO/ ® ® *\C0.NH 


yCO.CO 


With sodium methylate and methyl iodide, hydroxy-wo-carbostyril 
gives y-methoxyisocarbostyril, m.p. 171®. With benzaldehyde 
and with phthalic acid anhydride it condenses with loss of 
water. With phthalonimide (see above) it gives carbindigo (B. 85 , 
2421). 

iS-Methyl-, i 5 -ethyl-, and j^-phenyl-y^hydroxyisocarbostyril are ob- 
tained from phthalimido-propionic acid ester, -butyric acid ester, 
and -phenylacetic ester by transposition and sphtting (B. 87 , 1685, 
1791). 
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HYDRO-/SO-QUINOLINES. 

(i) Dihydroisoquinolines are formed S5mthetically from acylated 
a)“phenyl ethylamines by means of P2^5 (^* ^2, 1973), and by the action 
of alkyl magnesimn haloids upon the ioddkylates of zsoquinohne (B. 42 , 
1750). In the former case, A«-dihydrowoquinolines are formed, and 
in the latter case, A^-dihydrowoquinolines. These may be partly 
oxidized by means of KMnO^ in acid solution to the corresponding 
isoquinohnes. 

a-Methyldihydro^soguinoline, C9H8(CH3)N, b.p. 236°, a-Phenyldi- 
hydro^soquinoline, C9H8(CeH5)N, m.p. 73°, a-Benzyldihydro^soquino- 
line, C9H8(CH2C8H5)N, b.p.12 196°. 2,3-Methylenedioxydihydroiso- 
Quinoline, (CH202)CeH2(C3H5N), m.p. 91°, from formyl homopiperonyl- 
amine with P2O6; with CH3I it yields hydrastinine hydriodide (C. 1911, 
II. 1 12). iV,a.Dimethyldihydroisoqiiinoline, C9H7(CH3)NCH3 , b.p.20 
150°, and iV-Methyl-a-benzyldihydrotsoquinoline, C9H7(CH2C8H8)NCH3, 
b.p. 9 I70 °-i8o®, from isoquinoline iodo-methylate with CH3MgI and 
CgHgCH^MgCl respectively. 

The isocarbostyrils are ketodihydroisoquinoUnes. 

(2) Tetrahydroisoquinolines have been produced synthetically by the 
condensation of w-phenyl ethylamines with aldehydes (B. 44 , 2030) ; or 
when isoquinoline is reduced with tin and hydrochloric acid, or, better, 
with sodium and alcohol. Tetrahydroisoquinoline shows the properties 
of the alkylic benzylamines, while tetrahydroquinohne manifests those 
of an alkylic aniline ; 


C6H4< I 

CHa 

Tetrahydroquinoline. 


C.H. 


^CH,— CHj 
\:Hj— NH 


TetrahydroMoquinoline. 


Tetrahydroisoquinoline, CgHuN, boiling at 233°, obtained from 
co-phenylethylamine, methylal and cone. HCl, or by the reduction of 
isoquinoline, is a powerful base, which absorbs carbon dioxide from 
the air and reduces warm ammoniacal silver solutions. Its nitroso- 
compound melts at 33°. The iodomethylate of iV-methyl tetrahydro- 
isoquinoline, C9HioN(CH3)2l, melting at 189°, is obtained from methyl 
iodide and tetrahydroisoquinoline. 

The iV-methyltetrahydroisoquinoline itself, b.p. 212®, is best 
obtained by the reduction of isoquinoline iodomethylate with Cu and 
HCl. Chromic acid oxidizes it to phthalone-methylimide (B. 37 , 1943) ; 
while iV-ethyl and AT-propyl tetra%droisoquinolines, with iodo-acetic 
acid Z-menthyl ester, each yield two stereo-isomeric addition products, 
C9 HioN(R)(CH2C02CioHi 9)I, of different optical rotations. From 
these, by the action of moist silver oxide, menthol may be split off, 
and two pairs of opposite optically active betaines of the formula 

— yCO are produced. Here we have, therefore. 


a synthesis of optically active nitrogen compounds (B. 41 , 456; 42 , 
2138). 

iV-BenzoyltetrahydroZsoquinoline, boiling at 245® to 250® (50 mm.), 
is converted by KMn04 into w-benzoylaminoethyl-c?-benzoic acid, 
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CoH,^ 


CH, 


-CH, 


X' 


OOH NHCOC.H. 


The latter readily parts with water and 


becomes the benzoyl derivative of — 

Hydroisocarbostyril, ketotetrahydroisoquinoline^ 


CeH,< 




CH. 


'\C 0 NH 


melting at 71® (B. 26, 1220). 

iV,a-Dimethyltetrahydroisoquinoline, C9H9(CH3)NCH3, b.p.go 126®; 
N - Methyl - a - benzyltetrahydro^soquinoline, C9H9(CH2C6H5)NCH3, 
b.p.i2 178°, is the foundation substance of Laudanosine ; it can be split 

up by A. W. Hofmann's method to o-vinylstilbene, 

(B. 42, 1750). Oxidized with manganese dioxide and dilute H2SO4, 
it splits off the benzyl group in the form of benzaldehyde, and yields 
w-methylamino-o-ethylbenzaldehyde, from which acids form A^- 
methyldihydroisoquinolinium salts (C. 1910, I. 185) : 


rCHa CHa 

lCH(CH2CeH6)NCH3’ 


CHO NHCHa^N^^Oir ^ -N(CHs)I 


Compare the splitting up of benzyHsoquinoline iodomethylate and of 
the dihydropyridines (above). 

2,3-DimethoxydihydroisoquinoUne, b.p.24 207°, is analogously 

formed from tetrahydropapaverine (C. 1909, II. 2178; 1910, I. 
1258). 

Tetrahydro^soquinoline-^-carboxylic acid, C9Hio(C02H)N, m.p. 311°, 
is formed from phenylalanine, methylal, and concentrated HCl. It 
decomposes into CO2 and tetrahydroa^’sc^quinoline (B. 44, 2034). 

XHa— CO 

The homo-phthalimides— CeH4<; 1 _are dikeiotetra- 

\CO — NH 

hydroisoquinolines. 

The alkaloids heyheyine, hydyastine, naycotine, are derivatives of 
tetrahydroz5c?quinoline. 


V. PHENANTHRIDINE. 

It can be considered both as a benzo-derivative of quinoline and of 
isoquinoline. It results also from phenanthrene by replacing one of the 
intermediate — CH = groups by nitrogen: 



It is isomeric with the naphtho-quinolines. 

Phenanthridines are produced upon heating the acidyl derivatives 
of o-aminodiphenyl (B. 29, 1182): 

CeHg OCH CeH*— CH C4H5 OCCHg C4H4— CCHo 

■ 11 1 I >1 II 

:^H4— N CeH* NH C4H4— N 


CeH^ — NH 
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Phenanthridine, C^gH^N, melting at 104® and boiling above 360®, 
results by heating benzyUdene aniline: 


CeHjCH=NCeH5 — - C,H4CH=NCeH4 


and from iV-methylcarbazole, like pyridine from methylpyrrole and 
quinoline from a-methylindole (B. 88, 1950) : 


-=^ 

c.h/ 


C4H4— N 


and when phenanthridone is distilled with zinc dust. Bleaching powder 
and cobalt nitrate reoxidize it to phenanthridone (B. 26 , 1964), 
while tin and hydrochloric acid reduce it to dihydrophenanthridine, 

1 1 

QH4CH2 — NHCeH4, melting at 90® (A. 266 , 142). 

ws-Methyl-, ethyl-, and phenyl-phenanthridine melt at 85®, 55®, 
and 109® (B. 29 , 1184). 

1 I 

Phenanthridone, CgH4CO.NHCgH4, melting at 293®, is produced 
on treating diphenamic acid with bromine and caustic potash : 

^CeH4 > 

ONHa COOH NH* COOH NH— CO 


as well as by the rearrangement of o-aminophenylene ketone, on fusion 
with caustic potash; by transposition of diphenylene ketone oxime 
with zinc chloride ; and, finally, from o-diphenyl urethane, CgH5CgH4- 
NHCO2C2H5, on digesting it mth zinc chloride (B. 26 , R. 712 ; 28 , R. 455 ; 
29 , 230, 1188). Phenanthridone and phosphorus pent achloride yield 
1 ^1 

chlorophenanthridine, CqK4CCI=='^CqH^, melting at 116®. A'-Methyl 
phenanthridone, CigHgONCHg, melting at 108®, is formed in the action 
of alkaline potassium ferricyanide upon methyl phenanthridinium 
iodide, C13H9N . ICH3 (B. 26 , 1962 ; compare pyridinium and quino- 
linium compounds, pp. 164, 192). A by-product is iV-methyldil^dro- 
phenanthridine, C13H20NCH3 (B. 36 , 2534). 

CjoHe.NH 

a-Naphtho-phenanthndone, | 1 , m.p. 33®, and /9-Naphtho- 

C,H4 . CO 

C4H4 . NH 

phenanthndone, 1 1 , m.p. 338®, from a- and i 3 -chryso-diphen- 

CioH,.CO 

aminic acids respectively, on distillation with zinc dust yield a- and 
jS-naphtho-phenanthridines, m.p. 135® £ind 182® respectively (A. 385 , 
124). 
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VI. NAPHTHYRIDINES, NAPHTHINOLINES. 

The union of two pyridine nuclei or of two quinoline nuclei in 
the manner of naphthalene gives rise to the hypothetical parent 
substances: 



Thus far only the following derivatives of these bodies have been 
prepared : 

a-Hydroxy-y-phenyl-naphthyridine, m.p. iso"", by the condensation 
of a-amino-pyridine with benzoyl acetic ester (C. 1911, 1. 987) : 

CH=CH— CH C^H.CO.CHa ^ CH=CH--C.C(CeH5) : CH 
CH= N--C'.NHa + ROCO ^CH= N— C‘— N-.: C(OH). 

Octohydronaphthyridine, (forms a platinum double salt), 

melts at 227®, and is prepared from y,y-diaminodipropyl acetic acid 
(B. 26, 2137) : 

CHa-CHa-CHg-CH-CHa-CHa^CHa CHa-CHa-CHa-CH-CHa-CHa-CHa 
NHa 0:C0H KHa ^ - C NH 

Tetrahydronaphthinoline, melting at 212®, is formed by 

CeH 4 — CHa— €H— CH,-~CaH^ 

the reduction of 0“dinitrodibenzylace tic acid, 1 | | , 

NOa OCOH NOa 

in a manner similar to that of the naphthyridine body. Mercury acetate 
oxidizes it very easily to dihydronaphthinoline, CiqIIi2^2» melting at 
201®, the salts of which show an intense green fluorescence. It is 
reduced by sodium amalgam in glacial acetic acid solution to hexa- 
hydronaphthinoline, CigHiQN2( + iiH20), melting at 128® (B. 27, 2244), 


VII. QUINDOLINES. 

These are formed by the junction of a quinoline and an indole nucleus. 
Two isomeric quindolines are known, which may be distinguished as 
peri‘ (I.) and awa-quindoline (II.) respectively: 



^m-Quindoline, m.p. 343®, is formed by the reduction of oo-dinitro- 
cyano-dibenzyl, N02CaH4CH2CH(CN)C6H4N02, with, alcohol am- 
monium sulphide (B. 30, 3020). The isomeric ana-quindoline, m.p. 
248®, is obtained by the condensation of indoxyl and indoxylic acid. 
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respectively with o-amino-benzaldehyde, as well as by the reduction of 

Q Q H 

dihydroxy-quindohne, by means of HI and 

phosphorus. The latter is formed by the action of caustic soda upon 
oo'“dinitro“ benzyl malonic ester. 

awa-Quindoline carboxyUc acid, CigHgNgCOgH, is formed by the 
condensation of indoxyl with isatinic acid in alkaline solution. Also 
by intermediate formation of these components on heating indigo with 
sodium hydro-sulphite and alkali (B. 48, 3489, 3512). 


VIII. ACRIDINE GROUP. 


Acridine represents an anthracene, one of the intermediate CH- 
groups of which is replaced by nitrogen : 


7 CH^ 

I 

6 CH 


8 

CH 


\c/ 


ms 

CH 


4 

.CH, 


\c/ \CH : 


'^CH'^ \ N ^ \:h/ 

5 1 


CH 2 


Its relations to quinoline and pyridine follow from its oxidation to 
quinoline dicarboxylic acid and pyridine tetracarboxylic acids. 

Acridine occurs in the crude anthracene of coal-tar. Some of its 
derivatives are important technically as dyes. Acridines may be 
synthesized : 

I. From diphenylamine with carboxylic acids, or from the acidyl 
derivatives of diphenylamine, if they be heated together with zinc 
chloride. This is analogous to the formation of the phenanthridines 
from acidyl o-amino-diphenyls (Bernthsen, A. 224, i) : 


CeH/ I \CeH5 > CeH,/ | \CeH, 

CHO N:h'^ 

Formyldiphenylamine. Acridine. 

This reaction is regarded as a proof of the para-union in acridine. 

Homologous acridines are similarly obtained from diphenylamine 
and the higher fatty acids. In them the hydrogen of the CH-group is 
replaced by alkyls. They are called w^so-derivatives (B. 18, 690; 
25, R. 940). The substituted diphenylamines (B. 24, 2039), ditolyl- 
amine, phenylnaphthylamine, etc., react just like diphenylamine. 

2. Various acridine compounds have been prepared from the 0- 
amino-derivatives of di- and tri-phenyl methane (B. 26, 3085) : 


CH, 



" 1. nt r w ru/ 




and naphthacridinesare also obtained by the condensation of aldehydes 
with anilines and naphthols, and of o-aminobenzyl alcohol, or o-amino- 
benzyl chloride with naphthols or naphthylamine (B. 86, 1027; 
88, 3787; 39, 2623; C. 1908, L 384). 
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3. Naphthacridines are also obtained from o-tolyl-naphthylamines 
by oxidation with S or PbO (B. 87 , 2923; compare C. 1906, 
I. 58): 




-> N( >CH. 


4. Acridones are prepared from the arylanthranilic acids (B. 26 , 
R. 712; 27 , R. 642), just as anthraquinone is obtained from benzoyl 
benzoic acid: 

HOCO, xCO . 

C.H.. \C,H, > C.H / >C.H„ 

^NH — ^ 

Phenylanthranilic Acid. Acridone. 


or by the action of phenols (naphthols, etc.) upon acetanthranilic acid 
(B. 25 , 1983, 2740). 

Similarly, ms-phenylacridines are formed by eliminating water 
from o-anilinobenzophenones with concentrated H2SO4 (B. 39 , 

298, 356) : 

XOCeHfi /C(CeH,) 

CeH,/ yC.n, > CeHZ . 


The acridines are very stable compounds. They are more feeble 
bases than the pyridines and quinolines. They combine with alkyl iodides 
to alkyl acridinium iodides, which are converted by alkaline potas- 
sium ferricyanide (similar to the pyridinium, quinolinium, and iso- 
quinolinium iodides) into w-alkyl acridones. When the acridines are 
reduced they become dihydro-acridines, which 'readily revert to the 
acridines. 

Acridine, C13H9N, melts at 110°. It sublimes at 100°. Its solutions 
have a blue fluorescence. It is isomeric with phenanthridine and the 
naphtho-quinolines. In addition to the general reactions, it is also 
produced when diphenylamine is heated with chloroform and zinc 
chloride to 200° (B. 17 , loi), and in the distillation of acridone with 
zinc dust (B. 26 , R. 714). Potassium permanganate oxidizes it to 
acridic acid, or quinoline-a,j 5 -dicarboxylic acid, from which it was 
concluded that quinoline and pyridine had the diagonal formula 
(Riedel, B. 16, 1612). 

In the oxidation of the acridinium compounds the heterocyclic 
nucleus is ruptured and phenylaminobenzoic acid, CgH5.NH.CgH4.- 
COOH, is produced. 

Acridine, in chloroform or CSg solution, forms with halogens certain 
loose addition products of the formula Ci3H9N(Hlg)2, which regenerate 
acridine under the action of water, or even on standing, with evolution 
of the halogen. The dichloride melts at 246°, the dibromide at 187®, 
the di-iodide at 145® (C. 1904, II. 1059). 

rcHMl 

Pheno-i,2-naphthacridyuie,CeH4i 1 m.p. 131®, from form- 

IN [p]} 

aldehyde, aniline, and i 3 -naphthol, or from a-aminobenzyl alcohol 
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or o-aminobenzyl chloride with )5-naphthol (B. 35, 2670; 87, 3078); 
and from o-tolyl-iff-naphthylamine by oxidation with PbO. 

f CH[/5] 

Pheno-2,i-naplithacridine, 1 VCioH., m.p. 108®, by the 

In mJ 

oxidation of o-tolyl-a-naphthylamine with PbO (B. 37, 2922). We 
may note the formation of pheno-1,2- and -2,1-naphthacridine in the 
pyrogenic way from benzylidene-/5- and -a-naphthylamine respec- 
tively, CgHgCH : NC10H7, while benzylideneaniline, under similar 
conditions, does not yield acridine, but phenanthridine. 

Of the six theoretically possible dinaphthacridines, four have been 
prepared (C. 1906, II. 1505). 

1,2-2', I'-Dinaphthacridine, CioH oH«. m.p. 228°, and 

1.2- i',2'-Dinaphthacridine,CioH«|^^*^^^^^jv.ioAAe, m.p. 216®, from tri- 

oxymethylene and ^-naphthol with a- and /?-naphthylamine respec- 
tively (B. 86, 1027). 

2,1-2', i'-Dinaphthacridine,CioH.||^^^^^jcwH„ m.p. 185°, from 
methylene chloride and a-naphthylamine. The fourth isomeride, 

1.2- 2 ', 3 '-dinaphthacridine, CioH.f m. p. 203°, has been 

prepared from the corresponding dinaphthacridone by zinc dust dis- 
tillation (B. 84, 4146; see also B. 35, 4164). 

Diphenanthacridine, from methylene chloride and 9-amino-phen- 
anthrene (C. 1908, II. 2013). 

ms-Methylacridine, Ci3H8(CH3)N, m.p. 114®, from acetyldiphenyl- 
amine, like quinaldine and picoline, forms condensation products with 
benzaldehyde and chloral: Ci3H8NCH2CH(OH)C0H5, m.p. 197® (B. 88, 
2840), and Ci3H8NCH2CH(OH)CCl3; the latter, with alkalies, yields 
ms-acr idyl- acrylic acid, C13H8NCH: CHCOOH; KMnO^ oxidizes this 
to acridyl aldehyde, C13H8NCHO, and further to vas-acridine carboxylic 
acid, C13H8NCOOH (B. 20, 1541). ms-Benzylacridine, Ci3H8(CH2- 
C6H5)N, m.p. 173°, from diphenylamine with phenyl acetic acid and 
ZnCla at 200® (B. 87, 1565). 

ws-Phenylacridine, Ci3H8(CeH3)N, m.p. 181®, from diphenyl- 
amine and benzoic acid, crystallizes from benzene, together 
with benzene of crystallization. ^-Dimethylamino-ms-phenylacridine, 
(Ci 3H8N)C3H4N(CH3)2, m.p. 279°, by the condensation of acridone 
and dimethyl-anihne by means of POCI 3 (B. 40, 4795). l^drory-ws- 
phenylacridine (see C. 1904, II. 1509). ms-Acridyl-benzoio acid, N(C3H 
CCgH^COOH, m.p. 347®, is prepared from diphenyl-amine and phthalic 
acid; by heating with methyl iodide, it is converted into the HI salt 
of its methyl ester, m.p. 173° (B. 87, 1007). Treatment with fuming 
sulphunc acid condenses it to a compound containing a combined 

acridine and anthraquinone nucleus, • * * This compound 

is also formed froni a-anilido-anthraquinone, and closely approaches 
the coeroxenes in its structure and behaviour (C. IQ02, II. 368; 
A. 848,242). V if . o . 
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duysaniline, ms-/>-iAminopheiiyI-2-aminoacridme, 

C(C,H,NH,) 

NH,C,H,<' I >C,H4, melting at 268°, is the chief constituent 


of the beautiful yellow dye phosphin, which is obtained as a by- 
product in the rosaniline manufacture. It forms red-coloured salts; 
these dye silk and wool a beautiful yellow. Their solutions exhibit a 
beautiul yellow-green fluorescence. 

The formation of chrysaniline from pararosaniline proceeds evi- 
dently according to the diagram of method 2 for the acridines. 

Yellow to orange-red dyestuffs are also provided by a series of 
other amino-derivatives of acridine, ws-phenylacridine, and the corre- 
sponding alkylacridinium salts (B. 84 , 4307) — e.g., Acridine Yellow, 
2,7-dimethyl-3,6-diamino-acridine, obtained from tetramino-ditolyl 
methane by heating with HCl and oxidation with ferric chloride; 
Benzo-fiavine, ms-phenyldiamino-2,y-dimethylacridine, m.p. 231®, 
obtained from benzaldehyde and w-toluylene diamine (B. 82 , 

2352). 

Hydro-acridines. — ms-Dit^droacridine, NH(CgH4)2CH2, is formed 
when acridine is reduced with zinc dust and hydrochloric acid. It 
no longer manifests basic properties, and melts at 168°. It reduces 
ammoniacal silver nitrate with the regeneration of acridine. It has 
been found in coal-tar (B. 42 , 1178). jY-Methyl- and AT-phenyldihydro- 
acridine, m.p. 96® and 119°, by reduction of the corresponding acri- 
dones (B. 39 , 2720; 40 , 2515). Numerous alkylated ws-dihydro- 
acridines have been obtained by transposition of acridin iodalkylates 
with alkyl magnesium haloids : iV-Methyl-ms-methyl-, -ethyl-, -benzyl-, 
and -phenyl-dihydroacridine, CH3N(CflH4)2CHR, m.p. 138®, 72°, 108°, 
and 104®; on oxidation with iotoe solution these dihydroacridines 
pass into the iodo-methylates of the ms-alkylacridines, which can be 
again transformed with alkyl-magnesium haloids (B. 42 , 1746). 

'Bz-tetrahydroacridines have been obtained by the application ot 
quinoline syntheses 2 and 4c (above) to the cyclic ketones of the hexa- 
methylene series: (i) By the condensation of cyclo-hexanones with 
aromatic o-amino-aldehydes and -ketones; (2) by the condensation 
of a-acylated cyc/o-hexanones with aniline and its homologues 
(A. 377 , 70). 

B^-Tetrahydroacridine, CgHg, m.p. 55®, on distilla- 


tion over lead oxide, yields acridine. 

Alkyl-acridinium Compounds. — ^Acridine iodo-methylate, C13H9N- 
(CH3I), resembles, in its transformations, the iodalkylates of pyridine, 
quinoline, and fsoquinoline ; with NaHO the transposition of the unstable 
acridinium base produces iV-methyldihydroacridol (B. 87 , 576), 
which, with acids, regenerates to acridinium salts. It is transformed 
by alkaline potassium ferricyanide solution into iV-methylacridone, 
and on heating with NaHO alone is transformed into a mixture of 
iV-methyldihydroacridine and iV-methylacridone (B. 36 , 2534) : 




NaOH 


HOv 

^^C(CeHJ*NCH3~- 



H,C(CeH4),NCH, 

OC(C,H4)jNCH, 


HI 
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Similarly, ws-phenylacridine iodomethylateproduces]V-methyl-iMs- 
phenyl-hydracridoly ^f^>C(CflH4)2NCH3, which is also obtained by the 

union of iV-methylacridone with phenyl magnesium bromide, and 
which also regenerates the acridinium salts with acids (B. 87 , 575). 
From ws-benzylacridine iodomethylate, instead of hydracridol, we 
obtain AT-methyl-ws-benzylidenehydracridine, CgHsCH : C(C^H4)2NCH3, 
m.p. 141°, which is easily split up into benzaldehyde and iV-methyl 
acridone (B. 37 , 1564). We may note the behaviour of ms-acridyl 
benzoic acid ester, the iodo-methylate of which, treated with NaHO, 
yields iV-methyl-hydracridolbenzoic acid lactone, m.p. 245°. This 
body, with HCl, gives the chloro-methylate of acridyl benzoic acid 
(B. 37 , 1002) : 


COOCH3 






<■ . 


CO.Ov COsH I 1 -Cl 

^(C,H,),NCH,- /C(C,H.),N< 


C.H« 




Vh, 


With alkyl magnesium haloids the acridine iodalkylates give alkyl- 
ated »is-dihydro-acridines, and with potassium cyanide AT-alkyl-ws- 
cyanodihydioacridines (B. 42 , 1746; 44 , 2052) : 


W XHs W 

CO 

Acridone, ketodihydroacridine, C3H4<j^j^>CflH4, melting at 354°, 

can be distilled. It is formed when sulphuric acid at 100° acts upon 
phenylanthranilic acid, and by the dry distillation of the anilide of 
salicyclic acid, when it may be assumed that the latter first rearranges 
itself to phenylanthranilic acid. The salicyltoluides also yield methyl- 
ated acridones (B. 29 , 1189). 

We may also note the formation of acridone by the transposition 
of C-phenyl-anthranil on heating alone or on simultaneous treatment 
with concentrated sulphuric and nitric acids (B. 42 , 592, 1716) : 



/CO\ 


Compare the transformation of C-methyl-anthranil into indoxyl. 
With methyl iodide and alkali acridone gives iV-methyl-acridone, 
C0(C3H4)2NCH3, m.p. 203°, the formation of which, from the iodo- 
methylate of acridine, has already been mentioned. Phosphorus sul- 
phide produces thio-acridine, CS(C3H4)2NH or HS.C(CeH4)2N, m.p. 
275°. This has also been obtained by heating acridine with sulphur. 
It has an acid character, and is alkylated on the sulphur on treating 
with alkali and halogen alkyl, giving acridyl methyl sulphide, 
N(CgH4)2CSCH3, m.p. 114°. With PCI5 acridone, like thio-acridone, 
gives ms-chloracridine, N(C6H4)2CC1, m.p. 119°; ms-bromacridine, m.p. 
116°, from thio-acridone with phosphorus bromide; ms-iodacridine, 
m.p. 169°, from bromacridine with Nal (J. pr. Ch. [2], 64 , 471). On 
heating iV-methyl acridone with PCI5 we obtain ws-chloracridinium 
chloromethylate, Ci3H8ClN(CH3.Cl), m.p. 73°, which, with aniline, 
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becomes ws-anilino-acridinium chloro-methylate ; the ammonium base 
corresponding to the latter splits off HjO and gives AT-methylacridone 
anil, CbHjN : C(CgH4)2NCH3, m.p. 163° (B. 32 , 1309). On heating 
with zinc dust acridone forms acridine, and with Na and alcohol 
dihydro-acriSine. On the reduction of A^-methylacridone, see B. 42 , 
1176. iV-Phenylacridone, CO(CgH4)2NCgH5, m.p. 276°, from diphenyl 
anthranilic acid and concentrated HjSOg (B. 40 , 2450). 

Xfie following are obtained in the same way as acridone: 

4-Methylacridone, CHa.c,Hs.(^^)CeH4, melting at 346°; 

2-Methylacridone, melting at 338°; 

2,4-Dimethylacridone, melting at 297° (B. 27 , R. 642) ; 

CO 

Pheno-naphthacridone, 

CO 

Dinaphthacridone, (B. 25 , 2744). 

Anfhaciidone (see A. 880 , 336). 

CO 

5 ^-Tetrahydro-acridone, CeH4<^jj>C6Hg. m.p. 358°, by the con- 
densation of cyclohexanone with anthranilic acid (B. 42 , 621). 
Decahydro-acridinedione, CH2(CgHgO)2NH, from methylene his- 
dihydro-resorcin with alcoholic NH3, gives acridine on heating with 
zinc dust, and on oxidation with N2O3 it gives octo»bydro<-acridinedione, 
m.p. I4I®(A. 309 , 333). 

Peculiar acridine derivatives are obtained by the condensation of 
acidyl carbazoles (B. 24 , R. 829; 25 , R. 114): 


OeH, CgHs 

CO c 



Benzoyl-carbazole. >?w-Phenyl-carbazacridine, m.p. i860. 


By the linking of the acridine nucleus with one or two pyridine or 
quinoline nuclei, compounds are obtained which may be termed 
pyracridines and quinacridines respectively : 



Dip3rracridine, m.p. 303°, is obtained by the condensation of methy- 
lene chloride with 3-amino-quinoline; a- and i^-naptho-pyracridine, 
m.p. 268° and 220°, from methylene chloride with 3-amino-quinoline 
and a- and ^-naphthol respectively (see acridine synthesis 2 and C. 
1909, IT. 2177), 
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3, 2 -Qamacridine, yellow needles, m.p. 245°, is formed from 3,2-quiii- 
acridone, C,H4<^Q>C,H,<^y>C,H4, which occurs in yellow needles 

melting at 394“, and is obtained synthetically from ^-phenylene 
dianthranilic acid with concentrated HjSO^. This latter body is 
first reduced to dil^dro-quinacridine, red needles, m.p. 243°, by means 
of Na and alcohol, and then oxidized with FeClg and nitric acid. The 
quinacridone, when oxidized with PbOg in benzene in the presence of 
glacial acetic acid, loses two H atoms and yields the quinone-like sub- 
stance dehydro-quinacridone, c, 

blue-black flakes soluble in benzene with a blue coloration, and 
possesses remarkable oxidizing properties (B. 39 , 1693; 40 , 2522; 
48 , 2209). 

The isomeric 2,1-qainacridine, m.p. 213°, is obtained by zinc 
dust distillation from hydroxy-quinacridine, which itself is produced 
by heating phloroglucin with anthranilic acid : 


zC, 


,H 4 <(. 


,COOH 


CO\ /CO\ 

C.H4< )C.H{0H)/ >CeH 

Xxth/ X'nth/ 


In a similar manner, phloroglucin condenses with o-amino-benzal- 
dehyde to form oxy-quinacridine, garnet-black needles, m.p. 360°. 
Simultaneously the junction of i molecule phloroglucin with 3 mole- 
cules o-amino-benzhldehyde produces the so-called phloroquinyl or 

2,1-4,^-diquinacridine, yellowish-brown needles, m.p. 

403°, a ring homologue of phenotripyridine (B. 29 , 76; 39 , 385). 
Concerning diacridines, see B. 39 , 2650. 


IX. ANTHRAPYRIDINES. 

The a- and ;S-anthrapyridines are isomeric with acridine : 



a-Anthrapyridine, Cj jHgN, melting at 275®, results from the reduction 
of a>anthrapyridine quinone, c,H4<^q>CjH,n, melting at 280®, which 

is made by condensing )?-benzoylpicolinic acid with sulphuric acid. 
jS-Anthrap]nridine, melting at 166°, is similarly formed from /?-anthra- 
pyridine qninone, the condensation product of y-benzoyl nicotinic acid 
(B. 28, 1658). 
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VEGETABLE ALKALOIDS.* 

Formerly, all nitrogen-containing bodies occurring in plants and 
jpossessing basic, alkaline character, or derivatives of the same, from 
which bases could be isolated, were designated as alkaloids. 

Many of them (betaine, asparagine, caffeine, theobromine, hordenine, 
stachhydrine, etc.) have, in accord with their constitution, been 
already discussed with the various amino-derivatives; most of those 
remaining which have been studied recently show themselves to be 
derivatives of pyridine, quinoline, and ^soquinoline, and the name 
“ vegetable alkaloids ” is usually reserved for these. 

Several of the alkaloids dealt with below are derivatives of other 
heterocyclic nuclei. Thus morphine, the oldest known alkaloid, turns 
out to be a derivative of a complicated heterocyclic nucleus not hitherto 
synthesized, while hygrine is a derivative of pyrrolidine and pilocarpine 
a derivative of glyoxMine, etc. A more general definition of a vegetable 
alkaloid is a basic compound occurring in nature, in which at least 
one N atom forms part of a cyclic system” (Ladenburg, A. 301 , 117). 

These vegetable alkaloids are usually the active constituents of 
vegetable drugs officially classed as medicines or poisons. 

Because of their great number and their often unusually remark- 
able physiological and pharmacological properties they constitute one 
of the most interesting classes of carbon compounds. 

Occurrence . — The vegetable alkaloids occur almost exclusively in 
the dicotyledons. Of the alkaloids described below, only veratrine, 
betel nut essence, and the poorly investigated colchicine are formed 
in monocotyledpns, while the large families of the Compositae and 
Labiatae do not furnish them. In plants they are generally combined 
with widely distributed plant acids — e.g., malic acid, citric or aconitic 
acid, and tannic acid. Many are accompanied by acids which 
usually are found associated with definite alkaloids — e.g., the opium 
alkaloids are united with meconic acid (p. 150), and the cinchona alka- 
loids with quinic acid. The alkaloids prized for their pharmacological 
properties are the subject of technical isolation. The artificially 
prepared carbon compounds, having similar physiological action, 
hold a subordinate position compared with them — e.g., quinine and 
antipyrine ; atropine and several tropeins ; cocaine and eucaine. 

On the generation of alkaloids in plants, see Bull. soc. Ch. [3], 35 , 
15; B. 44 , 2032. 

Some alk^oids contain no oxygen, ai^d then are generally liquid 
and volatile — e.g., piperidine, coniine, nicotine, and sparteine. Most of 
them do, however, contain that element, and are solid and non- 
volatile. Nearly all are tertiary amines; some, however (like the 
hydrides of the pyridine nucleus), belong to the secondary amines. 
Many (like pilocarpine) are ammonium bases. Tannic acid, phospho- 
molybdic acid, platinic chloride, and many double salts (like HgIg.KI) 
precipitate all these bases from their aqueous solutions. The bases are 
regained from these compounds by alkalies. 

* Consult “ La Constitution chimique des Alcaloides v^g^taux,'’ par Am 6 
Pictet. Paris, G. Masson, 1897 ®d-)- 
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The alkaloids have a more or less bitter taste. Most of them are 
optically active and, generally, laevorotatory ( 1 . 54). Coniine, narco- 
tine, and pilocarpine are dextrogyratory. Piperine is inactive. Many 
alkaloids give characteristic colours with chlorine water, nitric acid, 
or concentrated sulphuric acid. 

THE PYRIDINE GROUP OF THE VEGETABLE ALKALOIDS. 

Piperine, 

: CH .CH : CH[i]CeH3( 

melting at 128®, occurs in different varieties of pepper, the fruit of 
Piper nigrum and Piper longum. It dissolves with a deep red colour in 
sulphuric acid. It is decomposed by boiling alcohol into piperidine 
and piperic acid. ■ 

The two decomposition products of piperine have been built up 
from their elements, and by allowing the chloride of piperic acid to 
act upon piperidine the synthesis of piperine itself has been realized 
(B. 27 , 2958). The synthesis of coniine presupposes that of piperidine, 
and is represented by diagram under coniine. Artificial piperines 
have been prepared from the synthetic a-alkyl and a-phenyl piperic 
acids with the assistance of the chlorides (B. 28 , 1195). 

Tetrahydropiperine, Ci,H23NOo, b.p.j^ 280^" (see B. 44 , 2942). 

XH.,— CH CH2.CH2.CH3, 

a-Coniine, di,a,n-propylpiperidine, C8Hi7N=CH2<; )NH 

XHa— CHg/ 

boiling at 167®, with sp. gr. 844 (20°), [a]D==-f-i57 at 19® 
(B. 27 , 3062), occurs, together with AT-methylconiine and y-coniceine, 
XH = ClCgH^). 

CHa<' \nh (B. 28 , 302, synthesis; B. 42 , 4059), conhydrine 

^CHa — CH j 

and pseudo-corihydjmt, in hemlock [Conium maculatum), especially in 
the seeds. On the separation of these alkaloids, see B. 38 , 3018. 
Coniine is a colourless liquid with a stupefying odour. It is a very 
powerful poison. 

History, — Giesecke (1827) discovered coniine. A. W. Hofmann 
(1881) determined its molecular weight, and in 1884 demonstrated 
that it yielded conyrine or a-propylpyridine upon distillation with zinc 
dust. Obtaining picolinic acid by oxidation, he thus proved the a- 
position of the propyl group. The synthesis of optically inactive 
coniine, its decomposition into d- and /-coniine, and thereby the first 
complete synthesis of an optically active alkaloid, are due to Ladenburg 
(1886) (B. 22 , 1403). 

The following diagrams represent the decomposition of coniine, 
which corresponds to that of piperidine, and also the synthesis, which 
presupposes that of piperidine and pyridine. 

Decomposition of Coniine. — ^The reduction of natural i-coniine (i) by 
hydriodic acid resolves it into n-octane (2) aiid ammonia (B. 18 , 13). 
The distillation with zinc dust leads to conyrine (3), or a, ^-propyl 
pyridine, which hydriodic aeid reduces to inactive [d + Q-coniine, while 
upon oxidation it becomes picolinic acid (4) or pyridine-a-carboxylic 
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acid. Hydrogen peroxide oxidizes coniine to 8-anuno-w-octoic aldehyde, 
or amino 8-propylvaleraldehyde (5) (B. 28 , 1460). Nitric acid oxidizes 
conylurethane (6) to carbethoxyconinic acid or y-carboethylamino-n- 
heptoic acid (7) (B. 15 , 1947), which yields coninic acid when heated 
with hydrochloric acid. Potassium permanganate oxidizes benzoyl 
coniine to benzoyl homoconinic acid or S-benzoylamino-w-octoic acid 
(8) and benzoyl-a-aminovaleric acid (9) (B. 19 , 502). Nitrous acid 
converts coniine into nitroso-coniine (10), which breaks down, on heat- 
ing with phosphorus pentoxide, into water, nitrogen, and conylene (ii). 
Methyl iodide and coniine combine to dimethylconinium iodide (12), 
which is changed by sodium hydroxide to dimethylcojiiine, C8Hi5N(CH3)2 
(13). The latter is not homogeneous, but consists of a little methyl- 
coniine and a mixture of two isomeric bases formed by the splitting of 
the piperidine ring between the N and the a-C-atom and between N 
and the aj-C-atom respectively. With methyl iodide they combine to 
form iodides (14), which with silver oxide yield the so-called trimethyl 
coninium hydroxide, C8Hi5.N(CH3)3(OH) (15), which on distillation 
splits up into water, trimethylamine, and conylene (ii). With HI, 
dimethylconiine combines energetically. Reduction of the hydro- 
iodide produces a mixture of two saturated bases, one of which has 
been identified as dimethyl-normal-octylamine through its iodomethy- 
late (A. 298 , 131). 




NH ( 1 ) 

NH, (2) 
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Synthesis of Coniine (B. 22 , 1404'; 40 , 3734). — We start with the 
synthesis of glycerin, which may be undertaken either by way of acetic 
acid or of nitro-methane (Vol. I.). Glycerin is converted into ally 
bromide. Allyl bromide and hydrobromic acid combine to trimethy- 
lene bromide, the latter yielding, by way of trimethylene cyanide and 
reduction, pentamethylenediamine, from which piperidine results by 
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the elimination of ammonia (I. 334). Piperidine may be oxidized to 
pyridine, the iodo-methylate of which — pyridinium iodide — is changed 
at 300° into a-picoline iodo-hydrate. 

a-Picoline condenses with paraldehyde to a-methylpicolylalkine, 
which is converted by successive treatment with HI and Zn dust into 
a,w-propylpyridine, or by heating with concentrated HCl into a-propenyl 
pyridine. The latter can also be obtained by heating a-picoline with 
paraldehyde to high temperatures. Reduction of a-propyl- or a- 
propenylpyridine with Na and alcohol produces inactive coniine. 

^-Coniine ^-tartrate separates first from a solution of dextro-tar- 
trate of inactive coniine ; and caustic potash resolves it into a coniine 
identical with the natural coniine. As dextro-tartaric acid can be pre- 
pared from synthetic racemic acid, the synthesis of coniine is complete. 



CHj.CHj.NH, 

CM, 


NH 

/X 

CM, CM, 
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/\ 

CH C_CH = CH.CH, CH, CH.CH,.CH,.CH,=[d + l].CoDine 
CH CH in 

CH, 


i-Coniine Hydrochloride melts at 218°. Nitroso-tf-coniine is a 

bright yellow-coloured oil. ^f-Conyl Urethane boils at 245°. Benzoyl- 
d-coniine is a thick oil. 

The inactive r- (racemic) or d + 1 -coniine and the 1 -coniine behave 
chemically and physiologically like rf-coniine. Inactive coniine is best 
formed by the reduction of y-coniceine (B. 29 , 1956). 

Besides coniine, we find in hemlock the two isomeric oxygenated 
alkaloids conhydrine, m.p. 120'’, b.p. 226°, and^ 5 £Mio*conhydrine,m.p. 
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106°, b.p. 236°. The former should be regarded as one of the optically 
active forms of a-ethyl piperyl alkine, (C5H0NH)CH(OH)CH2CH3, and 
the latter as a coniine hydroxylated in the piperidine nucleus. Suc- 
cessive treatment with HI and zinc dust converts conhydrine into 
/-coniine, and ^s^f^^/o-conhydrine into ^/-coniine. On extracting water 
from conhydrine by means of P2O5 or concentrated HCl we obtain 
small quantities of y-coniceine, which occurs in nature, as well as the 
isomeric jS-coniceine or /,a-propenyl-piperidine, (C5H9NH)CH: CH.CH3, 
in two probably stereo-isomeric forms. The iodide formed from 
this by attachment of HI yields, on treatment with alkali, by intra- 
molecular alkylation the tertiary, saturated, bicyclic c-coniceine, 
CHa.CH.CH— CHa 
CHa.CHa.N CHCHa* 

X . . , t , . cx ... CHa.CHa.CH.CIiaV 

Isomertc with these bases is o-comceine, >CHa. 

Uxi-a • Cxi 2 • N — CJrla' 

which has been obtained from coniine by bromination with hypo- 
bromite and subsequent detachment of HBr by means of concentrated 
H2SO4. Compare the corresponding optically inactive forms of these 
bases (B. 42 , 94, 929). CO O 


Trigonelline, Nicotinic Acid 


Methyl Betaine, 


melting at 218°, occurs in the seeds of Trigonella fcemm gr cecum, and 
in small amount, together with choline, in the seeds of Pisum sativum ; 
also in hemp [Cannabis sativa), in some species of Strophanthus (B. 31 , 
271), and of the coffee plant (A. 372 , 239). As Jahns has shown, 
trigonelline is identical with nicotinic acid betaine, synthesized by 
Hantzsch (1886) (B. 27 , 769). 

Arecaidine, N-Methyl-tetrahydronicotinic Acid, C5H8(COO)N.CH3- 
(-I-H2O), melting at 224°, occurs, together with arecoline, C8H13NO3 
(chief constituent), arecaine, C7H11NO2, and guvacine, CgHgNOg, in 
the nut of Areca catechu. It has been obtained synthetically from 
A’-methyl-A^-tefrahydro-pyridine aldoxime by conversion into the 
nitrile and saponification (B. 40 , 4712). It is also formed, together 
with its dihydro-derivative, dihydro-arecaidine or N-methyl-hexaJiydro- 
nicotinic acid, from the chloromethylate of nicotinic acid ester by 
reduction with zinc and HCl. It forms arecoline, boiling at 209°, 
when treated with methyl alcohol and HCl (esterified), which by 
saponification yields arecaidine, and it is therefore tetrahydro-N- 
methylnicotinic methyl ester (B. 25 , R. 198; 30 , 729; C. 1902, I. 821). 
The constitution of arecaJine and guvacine has not yet been definitely 
established. 

Pilocarpine, CiiHi3N202,[a]D = + ioi*6®, and Pilocarpidine, 

Qo^i 4^2®2* occur in the Jaborandi leaves of Pilocarpus pennatifolius. 

Pilocarpine is a poison which acts like nicotine (A. 238 , 230). The 
injection of it into milch cows occasions a very appreciable increase 
in the sugar of the milk (B. 26 , R. 247). 

The constitution of pilocarpine and pilocarpidine, formerly regarded 
as known, is still, according to recent researches, undetermined. 
Pilocarpine contains a methyl group attached to N, and this is absent 
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in pilocarpidine. Pilocarpine is easily converted into an isomeric base, 
tsopilocarpine — e.g., by heating its hydrochloride. On the other hand, 
tsopilocarpine, on heating with alcoholic potash, passes partly into pilo- 
carpine (C. 1905, 11 . 140). Pilocarpine and isopilocarpine are lactones. 
With NaHO they yield the corresponding oxy-carboxylic acids. 
With Br they yield dibromopilocarpine and isodibromopilocarpine. 
While the alkaloids themselves are stable in the presence of alkalies, 
their halogen alkylates are broken up by boiling with potash, forming 
methylamine and alkylamine, in accordance with the alkyl haloid 
used (compare the analogous behaviour of the glyoxaline derivatives). 
Since, in addition, the distillation of the alkaloids with soda lime 
produces alkylated glyoxalines, it is probable that pilocarpine and iso- 
pilocarpine contain the ring of «-methylglyoxaline. 

By oxidation with CrOg, pilocarpine gives pilocarpoic acid, 
CiiHieNgOg. With permanganate, pilocarpine and tsopilocarpine 
give the lactonic acids, C8H12O4 and C7H10O4, homopilopic acid, 
and pilopic acid. Homopilopic acid, fused with potash, gives 
a-ethyl-tricarballylic acid, which is also obtained from pilo- 
carpoic acid by further oxidation with KMn04. From these data 
the following provisional formula has been derived for pilocarpine: 


CjHfiCH CH.CHg.C— N(CH8)\ 

rn r\ rw CH N/ 


CH (B. 3 S, 2441; 38 , 1510; C. 1901, 1 . 


1059; 1903, 1. 930). 

Cytisine, Ulexine, Sophorine, C11H14N2O, melting at 152°, occurs in 
the seeds of Cytisus laburnum, as well as in other Cytisus varieties, in 
Ulex europcBus, and in Sophora tomentosa and speciosa (B. 23 , 3201; 
24 , 634; 27 , R. 509, 884; 28 , R. 237; 29 , R. 36, 53; C. 1900, II. 268). 

Cytisine contains an imide group. Its acetyl compound melts at 
174®, its benzoyl compound at 116°. With concentrated HNO3 it 
yields nitro-nitroso-cytisine, which, by splitting off a nitroso-group, 
may be converted into nitro-cytisine and further into amino-cytisine. 
HgOg oxidizes it to oxycytisine, CHH14N2O2. HI and phosphorus 
yield, beside other products, cytisoUne, CnHuNO, m.p. 199°, which 
is oxidized by CrOg to cytisolinic acid, CnHgNOg, and is reduced by 
Na and alcohol to a-cytisolidine, CnHigN. By electrolytic reduction 
cytisine gives the base C11H22N2 (B. 39 , 818). In the seed of Anagyris 
fcBtida we find both cytisine and the closely related anag3aine, 
C15H22N2O (C. 1900, I. 1162). ^ 

C^CH NCH, 

Nicotine, a-Pyridyl- p-tetrahydro-N-methylpyrrole,^io^u^2^\ II 

CH C — CH CHg, 


CH iHj-iHa 

boiling at 247°, with sp. gr, i-oii (15®), and 169*22° (C. 1906, 

I. 474), occurs in the leaves of the tobacco plant, Nicotiana tabacum, 
in quantities varying from o*6 to 8 per cent., depending upon the 
varieties. As a rule, the better qualities of tobacco contain less 
nicotine than the poorer sorts. 


Certain subsidiary alkaloids are found in tobacco lye: Nicoteine, 
C10H42N2, b.p. 267°, [a]D- 46*41°, a di-tertiary base, which on oxida- 
tion gives nicotinic acid; nicotellmejCioHeNg, m.p. 148°; and nicotimine, 
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CioHi^Ng, b.p, 150® to 155®, a tertiary-secondary base isomeric with 
nicotine; and small quantities of pyrrolidine and iV-methylpyrroline 
(B. 34 , 696; 40 , 3773; C. 1906, 11 . 1619). 

Nicotine is very soluble in water. It has a disagreeable odour and 
burning taste. It is a violent poison. 

History . — Posselt and Reiman discovered nicotine (1828). Since 
1891 Blau, but more especially Pinner, has studied its transposition 
reactions. The constitutional formula proposed by Pinner harmonizes 
with its behaviour, and has more recently been fortified by the ex- 
periments of Ame Pictet and Cr^pieux (1895), which have led to the 
synthesis of nicotine. 

Nicotine (i) is a di-tertiary base, with dextro-rotatory salts. It 
gives a di-iodomethylate and two isomeric mono-iodomethylates, one 
• of which on oxidation yields trigonellino. 

Potassium ferricyanide, or, better, silver oxide, oxidizes nicotine 
to nicotyrine (2) or a-)?-pyridylmethylpyrrole (B. 27 , 2535). Nitric 
acid, chromic acid, or potassium permanganate oxidizes it to nicotinic 
acid (3) or j 5 -pyridine carboxylic acid (A. 196 , 130; see also B, 30 , 2122). 
Sodium and alcohol reduce it to hexahydronicotine and, with rupture of 
the pyrrolidine ring, octohydro-metanicotine (4) (B. 26 , 765). With bro- 
mine and water nicotine forms dibromonicotine (5), CioHgBrgNgOg, which 
baryta- water resolves into methylamine, malonic acid (6), and nicotinic 
acid (B. 26 , 292) , Nicotine takes up benzoyl chloride. Hydrochloric acid 
liberates nicotine from the addition-product, while sodium alcoholate 
produces a secondary base, metanicotine, isomencWiih. nicotine and melt- 
ing at 275®-278®. It is probably w-methylamino-propylidene-i?-picolin. 

Reduced with sodium and alcohol, this yields hexahydro-meta- 
nicotine and octohydrometanicotine (4). With HI and red phosphorus 
dihydrometanicotine (8), from which sodium hypobromite forms 
dihydrometanicotine (9) brominated at the nitrogen ; the latter, heated 
with concentrated H2SO4, splits off HBr and forms nicotine (i) : 


N ( 5 ) 

CH CH NCH, 

in 

liH io-CHBr 

tr- 

, N (I) 

nch, 
t-CH \lU 
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nch, 

1 in 1 !;-c{oh^co 
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CH 
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2 HgO 


CH CH 


H2NCH, 
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CH^SH NCH, 
CH \h 

\h ^h- 4 !:h 
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CH BrNCH, 
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CH iHs-in, 
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CH CH HNCH, 
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CH C.CO,H (6) COaH 
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CH COaH-CHa 


NH (4) 
CHaCH, HNCH, 
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\h 2 ^Hg-tHa 
— 

N (7) 

d^\H HNCH, 

in ii-CH CH2 
"IJh CH-in. 
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Synthesis of Nicotine (see scheme below). — Nicotinic acid amide (i) 
gives with potassium hypobromite ^-aminopyridine (2), which, dis- 
tilled with mucic acid, gives iV, / 5 -pyridylpyrrole (3). Conducted 
through a feebly incandescent tube, the latter turns into ay 5 -pyridyl 
pyrrole (4), which, with methyl iodide, gives nicotyrine iodo-methylate 
(5) (B. 28 , 1909). The latter is converted into nicotyrine (6) by distilla- 
tion with CaO. For reconverting nicotyrine into nicotine the following 
procedure was adopted: Nicotyrine, treated with iodine, gives iodo- 
nicotyrine (7), and this, reduced with zinc dust and NaHO, dihydro- 
nicotyrine (8). On reducing the bromination product of the latter with 
tin and HCl it isconverted into tetrahydro-nicotyrine (9), abase identical 
with the inactive nicotine obtained on heating nicotine salt solutions to 
i8o°-25o°. Inactive nicotine (tetrahydronicotyrine) can, by means 
of its bitartrate, be split up into /-nicotine, identical with natural 
nicotine, and ^/-nicotine fa]D + 163*17°, which is much less poisonous 
than natural nicotine (B. 37 , 1225; Bull. soc. chim. [3], 35 , i): 
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Sparteine, CisHggNg, b.p. 325°, D20 1’02, Hd- 16*42°, is a colourless 
thick oil contained in the broom, Spartium scoparium, and, besides 
lupinine, C^gHigON, in Lupinus luteus and Lupinus niger. Sparteine 
is a saturated, di-acid, di-tertiary base, containing no free methyl 
group attached to the nitrogen. Since the presence of an aromatic 
nucleus is improbable, we must assume the existence of four saturated 
rings. On oxidation with chromic acid or alkaline potassium ferri- 
cyanide solution it yields oxy-sparteine, CisH 24N2O; with H2O2, sparteine 
oxide, C15H24N2O2, from which sparteine is easily regenerated; with 
chromic acid we also obtain an unsaturated base, spai^rine, C15H24N, 
and a neutral compound, C16H24N2O4 (B. 37 , 3238; 38 , 1772, 3268). 
The methylsparteinium hydroxide obtained from sparteine iodo- 
methylate with moist silver oxide decomposes, on heating with water, 
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into a mixture of two unsaturated bases methylated at the nitrogen, 
C15H25N2CH3: a-methylsparteme, m.p. 31°, and / 9 -methylsparteme, 

liquid. The haloid salts of a-methylsparteine isomerize in various 
conditions to the halogen methylates of a new base, the so-called iso- 
sparteine, On the other hand, the methyU’sosparteinium 

hydroxide, on heating, splits off water and regenerates a-methyl 
sparteine. These reactions, analogous to the conversion of methyl 
piperidine into dimethylpyrrolidine, seem to prove the presence of 
at least one piperidine nucleus in sparteine (Bull. soc. chim. [4], 3 , 674, 
5 , 31). An alkaloid apparently closely related to sparteine, lupanine, 
C15H24N2O, has been found in some varieties of lupins. 

II. TROPINE GROUP. 

Solanum Bases. — Several very similar alkaloids arc found in many 
varieties of solanum, of which the best known are the two isomerides : 
optically inactive atropine ^ discovered by Mein in 1833, as well as by 
Gieger and Hesse, and lievorotatory hyoscyamine. If they are intro- 
duced in very small quantity into the eye they cause dilatation of the 
pupil, and are therefore used in medicine as mydriatics. Both bases 
are found in Hyoscyamus niger and alhus, in Datura stramonium, in 
the '' deadly nightshade,” Atropa belladonna, and in Dubolsia myo- 
poroides) hyoscyamine also in the mandragora root (B. 31 , 2031). 
The less investigated bases which accompany them are helladonine 
(B. 17 , 152, 383), hyoscine, scopolamine (B. 25 , 260; 29 , 1771, 20P9, 
2439), apoatropine (below) (B. 25 , R. 573; 26 , R. 285), all of which, as 
acid decomposition products, yield tropic and atropic acids; as basic 
constituents they yield bodies closely allied to tropine. 

CHj— CH- — CHa 

Atropine = + q -Hyoscyamine, | ncHj ch . o . co . ch . CHaOH. 

CHa-— CH CHa 

m.p. 115°, may be decomposed into d- and /-hyoscyamine, m.p. 108°, 
by means of its ^/-camphor-sulphonate (C. 1910, I. 541). The /-hyo- 
scyamine is contained with atropine in many plants. This body 
racemizes in part to atropine on treatment with aqueous or alcoholic 
sodium hydroxide (B. 21, 1717, 2777, 3069; C. 1903:, I. 129). It is 
very probable that the two bases are physical isomerides. Atropine 
is decomposed into tropine and tropic acid, or a-phenylhy dr acrylic acid, 
CH20H.CH(CqH 5)C02H (II. 380), when it is heated with hydrochloric 
acid or baryta-water. Conversely, atropinfc is formed when tropic acid 
and tropine are evaporated with dilute hydrochloric acid (Ladenburg), 
or by transposition of tropine with acetyl-tropic acid chloride and 
rejection of the acetyl group (B. 41 , 726). Analogously, /-hyoscyamine 
decomposes on saponification with water into i-tropine and /-tropic 
acid, and can be synthesized from these by evaporating with dilute 
HCl (C. 1902, II. 1327). 

Apoatropine, Atropamine, C17H21NO2, melting at 6o°-62°, results 
from the action of nitric acid upon atropine. It is made synthetically 
by evaporating tropine atropate with dilute hydrochloric acid. It is 
decomposed by baryta-water into tropine and atropic acid (II. 425); 
it is the tropeine of atropic or a-phenylacrylic acid. 
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Tropeines. — Just as tropine yields atropine with atropic acid, so it is 
capable of entering into combination with other acids producing ester- 
like derivatives, which have been called tropeines (Ladenburg, A. 217 , 
82; 27 , R. 202). Of these, phenylglycollyltropeine, or Homatropine, 
C5H7N(CH3).C2H4.0.C0.CH(0H).CgH5, is noteworthy because its 
mydriatic action is not so prolonged. It is obtained from tropine 
and mandelic acid. It is employed as a substitute for atropine, and 
is applied in the form of hydrobromide. It melts at 95*5^-98*5°. 

Only those tropeines possess mydriatic action in which the acid 
radical contains alcoholic hydroxyl (but compare C. 1909, II. 542). 

Lactyltropelne melts at 74° (B. 28 , R. 492). 

BenziloAropeine is the tropeine of benzilic acid (p. 367) (B. 27 , 
R. 202). See also Euphthalmine, the mandelic acid ester of iV-methyl- 
vinyl diacetone alkamine. 

CHa— CH CH, 

Tropine, | NCHj choh, melting at 62° and boiling at 233°, 

CHa— CH — CHj 

is the basic decomposition product of atropine. According to Will- 
statter, it is an A^-methyl-y-oxypiperidine, the a- and aj-carbon atoms 
of which are joined by the group — CH^ — CHg — . It would thus contain 
also the pyrrolidine ring and a carbon seven-ring, and would have to be 
regarded as a derivative of suberane. Ecgonine, the basic decomposi- 
tion ppduct of cocaine, is a tropine carboxylic acid. These inter-relations 
explain the many similarities in the action of atropine and cocaine. 

The chief reason for the above formula for tropine was the observation 
that tropinone, the first oxidation product of tropine, yields a di- 
benzal- and a di-wenitroso-compound, etc., and must therefore contain 
the group —CH2.CO.CH2— (B. 31 , 1537). 

The constitution of tropine and ecgonine follows further from its 
decomposition reactions, mostly effected by Hofmann’s iodomethylate 
method. We are indebted mainly to Ladenburg, Merling, Einhorn, 
and Willstatter for our knowledge of these. 

Decomposition of Tropine. — {a) Conversion of tropine into tropic acid, 
and into a-ethylpyridine and picolinic acid. Potassium permanganate 
oxidizes tropine (i) to tropigenine (2), whereas with chromic^ acid it first 
yields a ketone, ^tropinone (3), which upon reduction does not yield 
tropine again, but a \^-tropine, which is always obtained by the de- 
composition of an alkaloid associated with cocaine (B. 88, 1170). 

On further oxidation with CrOg, tropinone yields tropinic acid (4), 
or Ar-methylpyrrolidine -aoj-acetic-carboxylic acid. The tropinic acid 
ester iodo-methylate (5) is split up by alkali to methyl tropinic acid 
(6), the iodo-methylate of which, again treated with alkali, is changed 
into piperylene dicarboxylic acid (7). Reduction of the latter produces 
normal pimelic acid (8). 

(6) Glacial acetic acid and HCl deprive tropine of water and produce 
tropidine (9), which on oxidation with permanganate passes into di- 
hydroxy-tropidine. The latter, on further oxidation, also yields tropinic 
acid (4) (B. 28 , 2277). On reducing tropidine with Zn and HCl, it 
becomes hydro-tropidine or tropaijie (10), which is also obtainable from 
tropinone (3) (B. 33 , 1173), and forms norhydro- tropidine (ii) on heating 
its hydrochloride in a stream of HCL On distilling (ii) over zinc 
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dust we obtain a-ethylpyridine (12), which on oxidation yields a- 
picolinic acid (B. 20 , 1647) • 
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(c) The conversion of tropidine into tropilidene or cy c\o-heptatriene 
(B. 31 , 1542). Tropidine (i) adds methyl iodide, and the iodo-methylate, 
treated with moist silver oxide, gives methyl tropidinium hydroxide 
(2), which, on boiling with water, turns into methyl tropidine or dimethyl 
amino-cycZo-heptadiene (3). The latter, treated in the same rnanner 
as tropidine, yields dimethyl tropidinium hydroxide (4) and tropilidene 
or ryc/o-heptatriene (5) : 


(T) CHa— CH CH (2) CH^— CH CH (3) CH^— CH CH 

I NCHa CH — > I HON(CH3)aCH— > | N(CH8)2 CH 

CHa— CII CHg CHa— CH CHg CHa— Cil— =CH 


(4) CHa— CH CH (5) CH- CH— CH 

I HONlCHala CH— > ] CH 

CHa— CH=-CH CHa--CH = CH 

In a similar manner, hydrotropidine has been split up to form cyclo- 
heptadiene; also, the tropilene obtained by the thorough methylatira 
of tropidine is C7HioO,A2-0/c/o-heptenone, while the compound CyHgO, 
obtained by the disintegration of tropinone iodo-methylate, must be 
regarded as a dihydro-benzaldehyde, since by oxidation it yields 
dihydro-benzoic acid (B. 44 , 464). 

Synthesis of Tr opine. — Methyl tropidine or dimethylamino - cyc/o- 
heptadiene (i) adds 2HCI and forms hydro-chloro-methyl- tropidine 
hydrochloride (2). This, with NaHO, splits oft HCl and gives tropi- 
dinium chloro-methylate (3), which on distillation splits up into tropi- 
dine (4) and methyl chloride. Tropidine, by adding HBr and heating 
the resulting bromo-tropane (5) with dilute mineral acid, is converted 
into tropine (6) (A. 326 , i) : 

(i) CHa— CH CH (2) CHa— CH CH (3) CHj— CH CH 

I N(CH 3 )a CH— > I ClNH(CH 8 )aCH— > | ClN(CHa)aCH 
CHa— CH-=-=-CH CH,— CHCl ^“CHg CH*— CH CH* 

i - 

(4) CHa— CH CH (5) CH,— CH CH, (6) CHa-^H— CH* 

j NCHa CH — > I NCHa CHBr — > NCH 8 CH(OH) 

CHa— CH CHa CH,— CH CHa CHa— CH— CH. 
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Similarly, methyl -tropane or dimethylamino-ryc/o-heptene is 
convertible into, tropane. These syntheses have been completed by 
building up methyl-tropidine and methyl-tropane from the cyclo- 
heptatriene (tropilidene) and cyc/o-heptene, which are accessible 
through synthetic suberone (B. 84, 129; A. 317, 307). 

CHj— CH— CH .CO2CH3 

/-Cocme, I NCHj CH.O.COCeHg, m.p. 98°, Isevo-rotatory, is 
CHg— CH — CHg 

contained in the leaves of Erythroxylon coca. It is an excellent local 
anaesthetic, and is employed in the form of an HCl salt. On heating 
with HCl it decomposes into ecgonine, benzoic acid, and methyl- 
alcohol and, on boiling with water into benzoylecgonine and methyl 
alcohol. Conversely, cocaine can be built up from ecgonine, benzoyl 
ecgonine, and ecgonine methyl ester, by either benzoylating ecgonine 
methyl ester or esterifying benzoylecgonine with methyl alcohol. 
In this way certain alkaloids — e.g., cinnamylcocame, truxilline, etc. 
— associated with cocaine (B. 27, 783 n.) become valuable technically. 
In their decomposition they yield ecgonine methyl ester and ecgonine 
(B. 22, 2960, R. 953). 


Truxillic 


CeHg.CH— CH.CO3H 

Acids, ) I 


C0H5.CH— CH.CO3H 

and I I , poly- 


C^Hg.CH—CH.COaH CO3H.CH— CH .CeHs 

cinnamic acids, dicinnamic acids, and also a/focinnamic acid, were 
discovered by Liebermann in his study of the secondary alkaloids of 
cocaine. By distillation they yield ordinary cinnamic acid. The a-acid 
melts at 274° ; the ^-acid at 206°. Acetic anhydride and sodium acetate 
convert the first into the anhydride (m.p. 191®) of y-truxillic acid, 
melting at 228® (B. 22, 126). When the p-acid is fused with caustic 
potash it changes to ^-truxillic acid, melting at 174°. Potassium 
permanganate oxidizes the /5-acM to benzil (B. 22, 2254) — a reaction 
which, together with the inability to take up bromine and the stability 
of /^-truxillic acid toward cold potassium permanganate, argues for the 
constitutional formula given above (B. 27, 1410). 

c^-CoC£we, melting at 43^-45®, occurs in small quantities in the 
mixed cocaine bases (B. 23, 926). It is obtained synthetically from 
rf-ecgonine (B. 23, 982). See B. 27, 1874, 1880, for cocaines substituted 
in the benzoyl group. 

Tropa-cocaine, Benzoyl-'^-tr opine, C15H19NO2, melting at 49®, and 
found in small amounts in the coca alkaloids, breaks down into benzoic 
acid and ^^-tropine, melting at 108® and boiling at 241®. The latter 
appears to be a stereoisomeride of tropine, because it can also be pre- 
pared by the reduction of tropinone, and when oxidized reverts to 
the latter. Indeed, tropine can be directly rearranged to ^-tropine 
by means of sodium amylate. Potassium permanganate oxidizes 
\^-tropine to i/'-tropigenine, which, like tropigenine, yields nortropinone 
upon oxidation (B. 29, 936, 1636, 2231). 

Mention may also be made here that crude cocaine contains small 
quantities of Hygrine, CsH^gNO, boiling at 92®--94® (20 mm.). It is 

/COCHjCHa 

, . . CH, CH( 

a denvative of AT-methylpyrrolidine, probably I ^NCH. . as 

rw.rrrx 
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it forms an oxime, and when oxidized becomes hygric acid, or N- 
methylpyrrolidinecarboxylic acid, which parts with carbon dioxide 
very readily (B. 28 , 578). 

CHa— CH — CHCOOH 

/-Ecgonine, Tropinecarboxylic Acid, NCH 3 ch(OH) + H^O, 

CHa— CH CHa 

melts at 205° when anhydrous. It is the basic decomposition product 
of /-cocaine. When digested with caustic potash it changes to d-eego- 
nine, melting at 254°. See B. 24 , 7; 26 , 962, for the esters, amides, 
and nitriles of the eegonines. 

For iodalkylates, see J. pr. Ch. [2], 65 , 91. 

On oxidation with CrO^, /- and ^/-eegonine yield /-ecgoninic acid, 

AT-methylpyrrolidone-a-acetic acid, CH cooH’ “'P' 

whose racemic form, melting at 94°, also results from tropine with 
CrOQ, besides tropinic acid, and is obtained synthetically from 
^-bromadipic acid with methylamine (B. 34 , 1818). For further 
disintegration products see below. 

CHa— CH — CHa 

a-Ecgonme,j NCHg C(0H)C001I, melting at 305 °, is a position 
CHa— CH CHa 

isomeride of eegonine. It has been prepared by adding hydrocyanic 
acid to tropinone, and then saponifying the cyanohydrin (B. 29 , 
2216). 

Anhydroeegonine, C9H13NO2 (see below), melting at 234°, is produced 
on boiling eegonine hydrochloride with phosphorus oxychloride (B. 20 , 
1221). On reduction it is converted into hydroecgonidine, C9H15NO2, 
m.p. 200°. 

The connection or relation of eegonine to tropine follows as a 
consequence of the rearrangement of anhydroeegonine (observed by 
Einhorn), upon heating with hydrochloric acid to 280°, into tropidine, 
carbon dioxide being eliminated (B. 23 , 1338). 

The transition into tropidine is also obtained by the conversion of 
hydroecgonidine amide, (C8Hi4N)CONH2, with KOBr into iso-tropyl- 
amine, (C8Hi4N)NH2, which, on treatment with HNO2, yields tropidine 
(B. 31 , 2655). 

Disintegration and Synthesis of Eegonine — Conversion of Eegonine 
into Tropinone and Suherone. — ^The position of the carboxyl group 
in the tropine ring of eegonine (i) is indicated by the oxidation to 
tropinone (2) with chromic acid. The accompanying elimination of 
COg lends probability to the interpretation of eegonine as a / 5 -hy- 
droxy-acid (B. 81 , 2655). 

On converting anhydroeegonine (3) into the ester and treating 
it with methyl iodide, we obtain anhydroeegonine ester iodo- 
methylate (4), which is converted by moist silver oxide into anhydro- 
eegonine methyl betaine. On boiling with alkali, this splits up into 
dimethylamine and tropilidene carboxylic acid or 5 -cyc/oheptatriene 
carboxylic acid (5), melting at 32° (amide at 125°). The constitution 
of the latter has been proved by its reduction to suberane carboxylic 
acid (6), and the conversion of the latter by way of bromo- or 
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hydroxy-suberane carboxylic acid (7) into suberonc (8) (Willstatter, 
B. 81 , 2498) : 

CH2— — CH.CO2H CHsj— CH— CHCO2H CH2-CH-^^^ — CHCO2R CH « CH— .CHCO2H 

I NCH3 CH(OH) ► j NCHs CH ► | IN(CH8)2 CH ► | CH 

t CH2— CH CH2 CHa—CH CH CHg— CH CH CH « CH — CH 

, (2) (8) (7) (6) 

iCHg— CH CH2 CHa— CHa CHg CHu— CH2-C(OH)C02H CH2-CH2— CHi 

I NCHg CO ^ I CO’* 1 CHa •« | CHg 

CHa—CH CHa ’ CHa—CHa CHa CHa— CHa— CHa 

Like anhydroecgonine, the hydroecgonidine has been split up to 
form hydro-tropilidene carboxylic acid, or cyc/o-heptadiene carboxylic 
acid (B. 30 , 702; 31 , 2501). 

The conversion of ecgonine (i) into tropinone (2) , which makes another 
bridge between cocaine and atropine, is paralleled by a synthesis of ecgo- 
nine from tropinone ; tropinone, synthesized from tropine, is partly recon- 
verted into racemic ecgonine by treating with Na and COg (B. 34 , 1457). 

Pelletierine, C9H15NO, wo-, methyl-, and ^s^wiopelletlerine (named 
after the chemist Pelletier), were discovered by Tanret in Punica gr ana- 
turn. ^sewioPelletierine alone has been closely studied by Ciamician and 
Silber. They recognized this base as a near relative of the tropine series. 

pseudoVelle^etim^ methyl granatonine (i), m.p. 48°, b.p. 246°, 
is a ring homologue of tropinone; like this, it forms a 
dibenzal and a di-wo-nitroso compound, and therefore contains the 
group — CHgXOXHg — (C. 1899, L 1292). By reduction it yields 
the alkamine v^-methylgranatoline (2), corresponding to tropine (elec- 
trolytic reduction simultaneously produces the stereo-isomeric methyl 
granatoline). The y-methylgranatoline is oxidized by chromic acid to 
^s^wi/opelletierine, and further to methyl granatic acid (3), which corre- 
sponds to tropinic acid. Methyl granatic acid (3) has been disintegrated 
by the iodo-methylate method to suberic acid (6) ; methyl granatic acid 
ester iodo-methylate (4) is split up by alkali to dimethyl granatic acid, 
whose iodo-methylate, treated with ^kali, gives homo-piperylenic acid 
(5), and this, on reduction with sodium am^gam, gives suberic acid (6). 

On the other hand, methyl granatoline, reduced with HI and phos- 
phorus, yields methyl granatanine (7) and granatanine (8) (see also 
B. 38 , 1896) ; the granatanine hydrochloride, by Zn dust distillation, 
yields a-propylpyridine (9) or conyrine: 

(2) (0 (3) 

CHa-— CH CHj CHa—CH CHg CHa—CH CHj 

-CHa NCHg CHOH tZZ CH, NCHg CO — ► CHa NCHg COgH 

CHa—CH CHa CHa—CH CHa CHa—CH COgH 

(6) ( 5 ) ( 4 ) 

CHa— CHg — CHa CH = CH CH, CHa—CH CHg 

CHa COgH CHa COgH — CH* IN(CH8), COaR 

CHa— CHa COgH CH = CH COgH CHg— CH COgR 


CHg- 

( 7 ) 

-CH CH, 

( 8 ) 

CH,— CH CH, 

CH- 

( 9 ) 

■c 

—CHg 

^CHg 

NCHg CH, 

— ► CHg I^H CHg 

— ► CH 

N 

CHg 

CHg- 

-CH CHg 

CHg— CH ^CH 

CH = 

CH 

CHg 
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By elimination of water with glacial acetic acid and concentrated 
H2SO4, methylgranatoline gives methylgranatanine (i), which, by 
analogy with tropidine and cjyc/o-heptatriene, has been split up into 
cjyc/o-octatriene (2) by exhaustive methylation : 


(I) CHg—CH CH 

CH, NCH3 CH 
CHa— CH CHj 


CHj- 

CH 

-CH 

CHa CH 

-CH 

CHa 

HON(CHj)a 

CH — 

— CH, K{CH,), 

CH 

CHa- 

CH 

-CHa 

CHa— CH=:=r^- 

-CH 


J 


CHa CH CH ( 2 ) CH = CH— CH 

CHa H0N(CH8)3 CH ► CHa . CH 

CHa CH — — CH CHa~CH = CH 


Similarly, methylgranatanine yields A^'^-cyc/o-octadiene ; under 
somewhat different conditions methylgranatanine yields granatal, 
CgHigO, corresponding to tropilene, or A^-cyc/o-octenone (B. 29 , 481; 
38 , 1975; 44 , 3423; C. 1899, II. 808, 828; 1900, I. 140). 


CINCHONINE GROUP. 

Cinchona Bases. — Cinchona barks (cortex chinae) are derived chiefly 
from the various Cinchona species: Cinchona Calisaya, C. lancifolia, 
C, Pitayensis, etc. ; also from the Rubiacece. They contain, in addition 
to tannin and quinic acid (II. 474), a series of bases, the most importan 
of which are: 

Quinine, C 2 oH 24 ,N 202 . Conquinine (quinidine), C20H24N2O2. 

Cinchonine, C19H22N2O. Cinchonidine, C19H22N2O. 

As companion substances to cinchonine we may also mention hydro- 
cinchonine or cinchotine, C19H24N2O (A. 300 , 42; M. 20 , 425). 

Quinine, CH 30 .C 9 H 5 N.CioH 45 (OH)N + 3H20, melts, when anhy^ 
drous, at 177°. It consists of silky needles when crystallized from 
alcohol and ether. Pelletier and Caventou discovered quinine in 1820. 
It is one of our most valued medicines, especially for intermittent fevers 
— e.g., malaria, etc. — and is an antidote for many infections produced 
by micro-organisms.* 

It is found up to 12 per cent, in the yellow Calisaya bark, has an 
alkaline reaction and a bitter taste, and forms primary and secondary 
salts, being a di-acid base. 

The neutral sulphate, (C2oH24N202)H2S04-f SHgO, and the mono- 
hydrochloride, C20H24N2O2.HCI + 2H2O, are employed in medicine. 
The former consists of long, shining needles, which fall to a white powder 
on exposure. It dissolves readily in dilute sulphuric acid, the solution 
exhibiting a beautiful blue fluorescence. 

When chlorine water and then ammonia are added to the solution 
of quinine salt, there is produced a green precipitate, dissolving in an 
excess of ammonium hydroxide with an emerald-green colour. On 
adding an alcoholic iodine solution to the sulphate in acetic acid, a 

* ** Grundziige der Arzneimittellehre/* by C. Binz, 14th ed., 1912. 
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periodide, 4B.3SO4H2.2HI.I4 + 6H2O, called herapathite, is precipi- 
tated. This crystallizes in emerald-green plates with golden lustre, 
and polarizes light like tourmaline. 

Cinchonine, C9HflN.C9H42(OH){CH3)N, is associated with quinine, 
and occurs principally in the grey cinchona bark (Cinchona Huanaco) 
(upward of 2*3 per cent.). It crystallizes from alcohol in white 
prisms, sublimes in needles in a current of hydrogen, and melts 
at 255°. Like quinine, it seems to dissipate fever, but to a less 
degree. 

Quinidine, m.p. 171°, and cinchonidine, m.p. 201®, are shown 
by their reactions to be stereo-isomerides of quinine and cin- 
chonine respectively. Accordingly, cinchonine can be converted into 
cinchonidine by heating with amyl alcoholic potash (B. 29 , 2185). 
On the stereo-chemistry of the cinchona alkaloids, see A. 373 , 85. 

Quinine and cinchonine are unsaturated di-tertiary bases. They 
yield primary and secondary salts, and combine with i or 2 molecules 
alkyl iodide to form mono- and di-iodo-alkylates. The mono-iodo- 
alkylates are known in two isomeric forms, one of which is colourless, 
while the other has a dark yellow colour. The former result from the 
combination of the free bases with i molecule alkyl iodide, the latter 
from heating the mono-iodo-hydrates with alkyl iodide and subse- 
quent treatment with ammonia (B. 26 , 1968). 

In accordance with their unsaturated nature, quinine and cincho- 
nine combine with i molecule halogen hydride and 2 atoms of bro- 
mine. With alkali, the dibromides yield mono-hromo-quinine and 
•‘Cinchonine, and further dehydro-quinine and -cinchonine, CgoHggNgOg 
and C19H20N2O respectively (B. 19 , 2856; J. pr. Ch. [2], 69 , 193). On 
the attachment of sulphurous acid to quinine and quinidine, see B. 35 , 
2980. Reduction with hydrogen and colloidal palladium converts 
quinine, quinidine, cinchonine, and cinchonidine into the more hydro- 
genated bases — hydroquinine, hydroquinidine, hydrocinchonine (cin- 
chotine), and hydrocinchonidine (cinchamidine). These contain two 
additional H-atoms, and have been found accompanying quinine and 
cinchonine in cinchona bark (B. 44 , 2866; C. 1911, 1 . 1567). 

Strong mineral acids convert the cinchona alkaloids into various 
isomeric bases: isoquinine, isoquinidine, isocinchonine, and isocincho- 
nidine. Special interest attaches to the action of hydro-halogen acids 
upon cinchonine at ordinary temperatures. This leads to the simul- 
taneous formation of hydro-halogen cinchonine and a-isocinchonine. 
The speeds of free HCl, HBr, and HI are in the ratio i : 400 : 20,000 
(M. 20 , 571, 585; 22 , 171, 253; C. 1911, 11 . 1814). 

On the basis of the researches of Koenigs, v. Miller, Rabe, Rhode, 
Skraup, and others, the following constitutional formulae for quinine 
and cinchonine may be regarded as firmly established: 


CH/.CH CH— CH-CHa 
CHa 
CH« 

CHa-N— CH.CH(OH) 


OCHa 



CHa’CH.CH—CH-CHf 
CHa 
CHa 
CHa-N— 


■ 5 ^ 

CH.CH(OH)./ ^ 


Quinine. 


Cinchonine* 
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Quinine must therefore be regarded as methoxy-cinchonine. On 
heating with HCl to 150° the methyl group of the quinine is split off, 
with formation of apoquinine, but there is a simultaneous trans- 
position of the molecule. De-methylated quinine (hydroxy cinchonine), 
C19H33N2O2, has been found in China cuprea, a bark derived from 
Remija pedunculata. It is termed cupreine, and can be methylated 
into quinine. 

Oxidative Decomposition of the Cinchona Bases. — Careful oxidation 
of cinchonine (i) with chromic acid yields the ketone corresponding to 
a secondary alcohol, and called cinchoninone (2) which, on reduction, 
reverts to cinchonine. Similarly, quinine yields quininone. The ketones 
derived from cinch onidine and quinidine are identical with cinchoninone 
and quininone. Strong oxidation with chromic acid splits up the 
molecule of cinchonine and quinine with formation of cinchoninic acid 
(quinoline- y-carboxylic acid) (4) or quinic acid (methoxy quinoline- 
-y-carboxylic acid) and mero-quinene (3) {i^^pos, a portion). The 
latter, on further oxidation with KMnO^, passes into cincholoiponic 
acid {\oL7r6s, remaining), or piperidine- jS-carboxylic-y- acetic acid (5), 
and further into loiponic acid (6) or hexahydro-cinchomcronic acid. 

Dilute permanganate solution oxidizes cinchonine with evolution of 
formic acid and forms cinchotenine (7), while quinine forms quinotenine : 


CHiK:H.CH— CH~CH, 

CH2 
CHa 

CHr-N — CH.CK(0H).C9H*N 


r <0 


CHjOLCH-CH-^H* 
; ( 2 ) 

CH, 


( 3 ) 


( 4 ) 


CHarCH-CH— CH-CHa 
CHa 
CH2 

CHr-NH COaH + COaH.CaHjN 

COgHX:H— CH-CHa 

(iHa I 


( 7 ) 


CH*-N--CH,CH(OH).CaHcN 



H--CO.CoHeN 


COaH.CH— -CH-CH2 

( 5 ) 

CH, 

CHy-NH CO*H 
COaH.CH— CH-COjM 

(iHj-NH 


Synthesis of Cincholoiponic Acid. — ^This proceeds from t 
deine-) 3 -aldehyde (i) resulting from the hydrolysis of imino-dipro- 
pion acetal. The oxime of (i) is converted by means of SOCl^ into 
A^-piperideine-j 3 -nitrile (2). The ester nitrile (3), obtained from (2) 
by the attachment of sodium-malonic ester, yields, on saponification 
with baryta water, racemic cincholoiponic acid (4) in two stereo- 
isomeric forms, the higher-melting of which yields on splitting up 
by means of brucine a (f-cincholoiponic acid identical with the disin- 
tegration product of the cinchona bases (Wohl, B. 40 , 4698 ; 42 , 627) : 

(I) CH,— CH ( 2 ) CH,— CH ( 3 ) CH,-CH .CH(CO,R), { 4 ) CH,— CH .CH,CO,H 

CH, C.CHO-»CH, C.CN-.CH, CHCN .CH, CH.CO,H 

NH— CH, NH— CH, NH— CH, NH— CH, 

VOI., HI, 


R 



ORGANIC CHEMISTRY 


24Z 

^ ' The iodo-methylate of cincholoiponic acid is converted by alkali 
into dimethyl - amino - cyc/opentanecarboxylicacetic acid (C. 1901, 
I- 223 ) : 


I (CHg) jN— CHg— CHCOgR 

I I > 

CHg.CHj.CJ 


(CH3)gN—CH 


.CHg— CH.COgH 
XHj— CH.CHaCOgH 


, The above-mentioned cinchoninone, the first oxidation product of 
cinchonin, m.p. 127°, belongs to the tautomeric compounds. On the 
one hand, it yields, as a ketone, an oxime; on the other, it gives with 
acetyl- and benzoyl-chloride an acetyl- and benzoyl-compound 
derivable from the enol form. The action of amyl nitrite and sodium 
ethylate splits up cinchoninone, with formation of cinchoninic acid, 
and an iso-nitroso-compound which, as an interior amidoxime, yields, 
on saponification, hydroxylamine and mero-quinene (B. 41 , 62; A. 365 , 
353 ): 


CH^CHj 
CH— CH— CH, 

CHg 

CHg 

CHg— N CH 

CO.CgHeN 


CH=CHg 

CH-^CH-^CHg 

CHg 

CHg 

CHg— isr — C:NOH 

■fCO.HCjjHgN 


CH-=-CHg 
CH— CH— CHg 
CHo 

CHg— NH COgH 


Disintegration of the Cinchona Bases — Quinatoxines. — The disin- 
tegration of the dicyclic second half” of the cinchona bases, already 
noticed in their oxidation, occurs with remarkable facility in other 
reactions. 

When cinchonine (i) and quinine are boiled with acetic acid, the 
union of that carbon atom to which hydroxyl is attached is severed 
from the nitrogen atom, which then becomes an imino-group, while 
the C( 0 !^-group becomes a keto-group. Cinchonine yields the iso- 
meric cinchotoxine (2), melting at 59°, which, like the correspond- 
ing quinotoxincy is very poisonous, but does not have any antipyretic 
properties. 

The toxines ” resulting from cinchonidine and quinidine are iden- 
tical with those resulting from cinchonine and quinine. A similar dis- 
integration is experienced by cinchonine iodo-methylate (3) on boiling 
with alkali or dilute acetic acid, HI being evolved, and A^-methylcincho- 
toxine (4) formed, which can also be obtained by methylating cincho- 
toxine. The latter, with HNOg, yields a mono-isenitroso-compound. 
Remarkable results have been obtained by a Beckmann transposition 
of this iso-nitroso-cinchotoxine (5) and of the A^-methylcinchotoxine 
oxime (6). 

/so-nitrosocinchotoxine splits up into cinchoninic acid (7) and the 
nitrile of mero-quinene (8). In (6) the transposition is in two directions, 
cinchoninic acid (9) and iV-methyl-/?-vinyl-y-amino-ethylpiperidine (10) 
being formed oi;l the pne hand, and y-amino-quinoline (ii) and iV- 
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methyl-homo-mero-quinene (12) on the other (B, 40 , 648, 2873; 
A. 882 , 365): 


(I) 

(2) 

( 5 ) 

CH— CH* 

CH=^CHa 

: CH=.CHa 

CH— CH-CH* 

CH— CH^CHg 

CH-CH-CHa 

1 1 


. CHa 

1 CHg 1 

CH2 

CHa 

CH.-N — CH 

CH2 

CHa-NH C==NOH 

CH(OH).C,HeN 

CO.C^^HeN^ 

r 1 

CO.C2H4N 

1 

t 

( 3 ) 

(4) 

( 3 ) 

CH=CH2 

CH=:=CH2 

CHr=CHa 

CH— CH-CHg 

CH— CH-CH2 

CH— CH-~CHa 

1 CH, f 

CHj 

CHa 

1 CH, 1 

Ch, 

CHa 

CH,-N — CH 

CH,-N CHj, 

CHa^NH CN + (7) 


CH(0H).C»H,N Ch, C0.C.H»N COgH.C,H8^ 


I 


( 10 ) 

(6) 

(J2) 

CH==CH, 

CH=.-CH, 

CH=CH, 

CH— CH-CH, 

CH— CH-CH, 

CH -CH-CH. 

CH, 1 

Ch, 

» 1 1 

CH, 

Ch, 

CH, 1 

CH,- N CH,.NH, (9) 

CH,-N CH, 

CHs-N CH; 


CH 3 +CO 2 HC 8 H 8 N CH3C(:N0H).C3H6N tH, CO^H (n) 

+ NH2.C8HflN 

Cinchotoxine has been used for a partial synthesis of cinchonine. 
Under the influence of hypo-bromous acid it yields a bromimine from 
which sodium ethylate withdraws a molecule of HBr, forming cincho- 
quinone, which may, as already stated, be reduced to cinchonine (B. 44 , 
2088). We may also mention the synthesis of quinuclidine, already 
dealt with, which corresponds to that of the second half of the cin- 
chona bases. 

Decomposition of Cinchonine and Quinidine Chloride (J. pr. Ch. [2], 
61 , i). — On treating cinchonine and quinine with PCI5, cinchonine 
chloride (i) and quinine chloride are produced. These, when boiled with 
alcoholic potash, split off i moleciile HCl and form cinchene (2) and 
quinene. Cinchonidine and quinidine, under the same treatment, also 
pass into cinchene and quinene respectively. The chlorides of the 
four alkaloids — viz., cinchonine, cinchonidine, quinine, and quinidine 
chloride — replace, on reduction, the chlorine atoms by hydrogen atoms, 
and give four desoxy compounds: Desoxy ’■cinchonine, desoxy^cinchoni- 
dine, desoxy -quinine, and desoxy -quinidine. 

Cinchene and quinene are split up, with absorption of water, 
iti two entirely different ways according to the experimental 
conditions. 

On heating with 20 per dent, aqueous solution of phosphoric acid, 
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cinchene and quinene split up into lepidine (4) or methoxy-lepidine 
and mero-quinene (3) : 


(0 

CH— ^CHa 
CH—CH—CHa 

CHa 

CHa 

CHa—N CH 

CHCl.C,H,N 


(2) 

CH -CHa 
CH— CH— CHa 


( 3 ) 
CH ~ 

CH— 


CHa 

CH— CHa 


CHa 

2HjO ^ 

CHa 

CHa 


CHa 


CHa- 


_N C 

CH.CftH.N 


CHa— NH 


COatl-f (4) 

CHa.CeHeN 


On prolonged boiling with HBr, cinchene and quinene split off 
ammonia and some methyl bromide, and take up water, forming apo- 
cinchene and apo-quinene, C^gHgoNg (Cinchene) + HgO =Ci9Hi9NO (Apo- 
cinchene) + NH3. Decomposition and partial synthesis have proved 
apo-cinchene to be y[2-hydroxy-3,4-diethylphenyl]-quinoline. Apo- 
quinene, accordingly, is y[2- hydroxy-3,4 -diethylphenyl]- hydroxy- 
quinoline. 

An idea of the formation of apo-cinchene (3) by the hydrolysis of 
cinchene (i) may be gained from the following scheme, with the help 
of the cinchonine formula above : 


(i) CH ~ CHa 
^H — CHa\ 
CH^CHa--CHa)^N 

^CHa-C-^^CHCgHfiN 


■ ( 2 ) CH-^CH, - 

xCH-CHO 
Cli<~ CH--CH, 

XHa-CH = CHC9 HoN„ 


(3) CHa -CH, 

^C(OHK 

c(^^CHa~CHj ^CCuHeN. 
^CH CH^ 


The transposition of the hypothetical intermediate product (2) 
into the phenylquinoline derivative finds an analogy in the transition 
of the olefinic terpenes into cyclic compounds, as in the conversion of 
citronellal into isopulegol, etc. 

Strychnos Bases . — In the fruit of the different strychnos, principally 
in that of Strychnos nux vomica and in St. Ignatius' bean [Strychnos 
Ignatii), are found two very poisonous bases, strychnine and brucine. 
Their constitution is imperfectly determined. They were discovered 
(1818 and 1819) by Pelletier and Caventou. 

Strychnine, CgiHggNgOg, melting at 284° and boiling at 270® (5 mm.) 
(B. 19 , R, 30), is laevorotatory, reacts alk^ine, has an extremely bitter 
taste, and occasions tetanus. 

Strychnine is an unsaturated mono-acid, tertiary amine base, 
capable of adding on alkyl halides (A. 304 , 49). The second N-atom 
is in lactam connection with one CO-group. This follows from the 
transformation of strychnine (i) by heating with sodium alcoholate 
solution into strychnic acid (2), CgiHojNoOo, which, on boiling with 
acids, regenerates strychnine. 

On treating strychnine iodo-methylate (3) with moist silver oxide, 
methylstrychnine (4) is formed, which turns out to be strychnic acid 
methyl betaine, since it also results from the silver salt of strychnic acid 
iodo-methylate. There is therefore a change of linkage of the carboxyl 
group from one N-atom to the other, from the lactam linkage to the 
betaine linkage: 


(C2oH220)^CO 


(2) .N . (3) >N(CH3)J (4) yN(CHs)^Q 

(C2oH220)^COOH ; (C2oH 220)^CO ► {CfloH220)^CO ^ 

>k >NH 
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On heating with water to i6o®~i8o®, strychnine passes into an 
isomeric base, ^sostrychnine, m.p. 214°, which, like strychnine, is split 
up on heating with sodium, alcoholate solution into an acidiso-s^rycAnic 
acid (B. 38 , 2787). 

Reduction of strychnine with hydrogen and colloidal palladium 
gives, as a first reduction product, dihydrostrychnine, C21H24N2O2 
(B. 44, 2863). With HI and phosphorus we obtain desozystrychnine. 




CO 


'N 


which is still a lactam, and yields by electrolysis tetra- 


hydrostrychnme, , and strychmdme, (CaoHgjNO)^^^^ , 

which involves a reduction of the lactam group. A further 
reduction eliminates the second 0-atom, whose function is not yet 
clear. The results are dihydro-strychnoline, C 21 H 28 N 2 , and strychnoline, 
^ 21 ^ 26 ^ 2 * 

Transformation products of strychnine which no longer contain the 
lactam ring recall in their behaviour the tetrahydroquinohnes. By 
the action of nitric acid, several nitro-derivatives have been obtained 
from strychnine; also picric acid and an acid which is regarded as 
dinitrodihydroxyquinoline (A. 301, 285). On oxidation with KMn04 
in acetone solution strychnine forms strychninonic acid, C2iH2oOeN2, a 
dibasic ketonic acid, converted by sodium amalgam into the correspond- 
ing hydroxy-acid, strychninolic acid, CgiHgaO^Ng. The latter, under 
the influence of dilute alkali, even in the cold, splits up into glycolic 
acid, and the neutral strychninolone, C19H18O3N2 (B. 43, 2417) . Heated 
with H 2 O 2 , strychnine forms strychnine ozide, C 21 H 22 N 2 O 3 , and stiych- 
nine peroxide, C2iH22N204, which regenerate strychnine with evolution 
of oxygen (B. 38, 2782; C. 1910, II. 887). By the action of Mn02 and 
sulphurous acid, strychnine forms three isomeric strychnine mono- 
sulphonic acids, C2iH2i02N2(S03H), which can be separated by their 
different solubilities in water (B. 42, 2681). 

Brucine, C2iH2o(OCH3)2N202 + 4H20, m.p. 178® (anhydrous), Isevo- 
rotatory, acts similarly to strychnine, but more feebly. In its chemical 
reactions it behaves very like strychnine. It contains two methoxyl 
groups, and is probably dimethyoxy-strychnine. Sodium alcoholate 
converts it into brucic acid, C2oH2i(^^^3)^2C^(COOH), which regener- 
ates brucin on merely boiling with water. 

Hydrogen and colloidal palladium convert it into dihydro-brucine, 
C23H28O4N2, and electrolytic reduction into tetrahydro-brucine, 

[c.„H,„(OCH,),ON]<;^™^°“, and brucidine, [C.„h.„(och,),on]<^“‘ (A. 


304, 24). 

Potassium permanganate oxidizes brucine to brucinonic add, 
C23H24O8N2, which, in the manner of strychninonic acid, may be 
converted into brucinolic acid, CgaHgeOgNg, and brucinolone, 
CaiHgaOgNg (B. 42, 3703). Treated with HgOg, brucin gives 
brucine oxide, CgaHaeNaOg, and brucine peroade, C23H2eN20^. 
With MnOg and sulphurous acid, four isomeric brucine mono-sulphomc 
acids, C23H25N204(S03H), are formed (B. 44, 3049). In concentrated 
nitric acid, brucine dissolves with a red colour, which, on heating, turns 
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yellow, and on addition of stannous chloride into violet. In this case 
brucin is first demethylated and oxidized, forming a red quinone, 
C21H20O4N2,-. which, on further action of nitric acid, adds a nitro- 
group, and yields the yellow so-called cacotheline, C21H21O7N3. Reduc- 
tion of quinone with sulphurous acid gives demethylated hrucine, 
^21^2o(^A) 2^2®2 (^* 2136, 3040). Brucinolone and the brucine 

sulphonic acids behave in the same manner towards nitric acid. On 
the constitutional formulae of strychnine and brucine, see C. 1910, 
I. 1361. 

The veratrum alkaloids occur, together with veratric acid, in the 
white hellebore (from F. album) and in the sabadilla seeds (from F. 
sabadilla). Crystalline Veratrine (B. 26 , R. 284), or cevadine, C32H49NO9, 
melts at 202° and crystallizes from alcohol with i molecule cryst^ 
alcohol. It dissolves in concentrated sulphuric acid with a yellow 
colour, which gradually changes to blood-red. 

Alcoholic potash splits it into cevine, C27H43NO8, and tiglic acid, 
CgHgOg (see VoL 1 .) (B. 32 , 800; C. 1902, I. 1155). Cevadine contains 
a free OH-group: C27H4iN03(0H)(0.C0C4H7), and cevine contains two 
OH-groups, Co7H4iNO«(OH) 2. The N-atom is probably linked in a 
tertiary manner (B. 37 , 1946). 


THE MORPHINE AND ISOQUINOLINE GROUP OF THE VEGETABLE 

ALKALOIDS. 

Opium Bases, — In opium, the dried juice of the green seed capsules 
of poppy {Pap aver somniferum), we find not only meconic acid and 
meconine, but a series of bases, of which may be mentioned: 

Morphine, (12 %). Papaverine, CgoHg^NO^ (o-8 %). 

Codeine, C18H21NO3 (0*3 %). Narcotine, C22H23NO7 (5 %). 

Thebaine, Ci^HgiNOg (0-4 %). Narceine, C23H27NO8 (0-2 %). 

Laudanosine, C2xH27N04 (o*ooo8 ' 

While the constitution of papaverine, narcotine, narceine, and lau- 
danosine is settled and confirmed by synthesis, the nature of the prin- 
cipal basis of opium, morphine, with its related substances, codeine and 
thebmne, is not yet known with certainty. They probably contain no 
isoquinoUne ring, but are treated, however, with the other opium 
bases. Morphine is the most important of them from a medical point 
of view. 

Morphine, Ci7Hi7N0(0H)2 + H20, crystallizes from alcohol in small 
prisms, tastes bitter, and in small quantities produces sleep. It shows 
an alkaline reaction, and represents a tertiary monacid base. Its 
official hydrochloride, C17HJ0NO3HCI + 3H2O, forms delicate silky 
needles. It is used to relieve pain and to produce sleep. Morphine is 
the first alkaloid isolated from vegetable substances (Serturner, 1806). 
Its composition was determined by Laurent in 1848. 

The solutions of morphine and its salts are coloured dark blue by 
ferric chloride; the solution in concentrated sulphuric acid acquires 
a blood-red coloration on the addition of a little nitric acid. It is 
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readily oxidized, two molecules uniting, with the exit of two hydrogen 
atoms, to j?)s^wiomorpliine, (Ci^HigNOgjg (A. 294 , 206). 

In the reduction of morphine with hydrogen and colloidal palla- 
dium, dihydro-morphine, Ci7H2i03N, is produced with addition of 2H 
(B. 44 , 2865). Morphine contains two hydroxyl groups and behaves 
like a phenol alcohol, yielding salts with but one metaUic atom, but 
diacidyl derivatives. Diace tylmorphine is officially known a3 heroine. 
On distillation with zinc dust, morphine yields phenanthrene with a 
mixture of two bases (B. 34 , 1162). 

By treatment with phosphorus haloids, or by the action of anhy- 
drous liquid halogen hydrides, the alcoholic hydroxyl in morphine 
is replaced by halogen, with formation of chloro-morphide, Ci,H„Cl- 
( 0 H) 0 , and bromo-morphide, from which hydrolysis produces three 
bases isomeric with morphine — viz., a-, jS-, and y-/sc?-morphine (see 
codeine) (B. 41 , 975). , 

By heating with concentrated HCl to I40°~i50°, or by the action 
of other dehydrating agents, like sulphuric, phosphoric, aiid oxalic 
acids, morphine is deprived of i molecule HgO and converted into 
Apo-morphine, C17H17NO2 (i). This is quite different from morphine 
in its physiological properties. It is no longer a narcotic, but a strong 
emetic. Its bromo-methylate is used medicinally under the name 
euporphine. In contrast with morphine, apomorphine Contains two 
phenol hydroxyls. Its dimethyl ether can be disintegrated by the 
splitting of its iodo-methylate by Hofmann’s method, forming dimethyl 
apo-morphimethine (2) and '^,^-dimethoxy-^-vinylpMnanthrene, and 
the latter by oxidation to %/\-dimethoxyphenanthrene-^-carhoxyUc 
acid (3) (B. 40 , 1984). Since the attachment of the nitrogen atom 
is known from the connection between morphine andjcodeine (see 
oxy codeine), the constitution of apo-morphine may be regarded as 
determined : 




From a comparison with the similar transformation of thebaine 
into morphothebaine and thebenine (see below), it follows that the 
transition of morphine to apo-morphine is attended by an extensive 
transposition, so that no conclusion respecting the structure of mor- 
phine can be based upon the constitution of apo-morphine. 

Codeine, Ci7Hi7NO(OCH3)OH, m.p. 150°, is contained in opium, 
and can be obtained from morphine by methylating with KHO and 
methyl iodide or dimethyl sulphate, or by mean^ of diazo-methane, 
and must therefore be regarded as methyl-morplune (B. 14 , 1413; 
C. 1899, II. 408). Its iodo-methylate (i), on heating with alkjEtUi 
furnishes the so-called a-methylmorphimethine (2), m.p. 118®. This, 
on heating with acetic anhydride, sphts up into the acetyl esters of 
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hydroxyethyldimethylamine (4) and of methylmorphol or 4-ory- 
ymeihoxyphenanthrene {3) (B. 87 , 3494) : 

( 1 ) CH,0 . CeHj— CHj (2) CH,0 . C.H,— CH (3) ) CeH.-CH 

°<! I -» °<l ( I II 

HO . C.Hj— CH s ^ HO . C.H5— CH C.H*— CH 

CHj CHj/ \CH, CH, CH,.N(CH,), hOcWj — CH jN(CHs)2 


The constitution of the morphol or 3,4-dihydroxyphenanthrene is 
proved by its oxidation to morpholquinone (dihydroxyphenanthrene- 
quinone), and further to phthalic acid, as well as the synthesis of 
dimethylmorphol (3,4-dimethoxy-phenanthrene) from 2,3,4-amino- 
dimethoxy-a-phenyl cinnamic acid (B. 33 , 1810, 1824). 

On the other hand, the splitting up of the iodo-methylate of methyl 
morphimethine by alcoholic alkali produces tri-methylamine and 

Morphenol, a-tt V ^ phenanthrene derivative resembling 

diphenylene oxide (B. 33 , 352; 34 , 2722). 

Careful oxidation with chromic acid converts codeine into oxyco- 
deine, Ci7HigNO(OCH3)(OH)2 (i). This contains two alcoholic hydroxyl 
groups and, like codeine, produces oxy-methyl morphimethine (2) by 
disintegration of its iodo-methylate. The body thus produced has 
ketonic properties. On heating with acetic anhydride it splits up 
into acetoxyethyl-dimethylamine and methoxydiacetoxy phenanthrene 
(3), which, on oxidation, passes into methyUacetyl-morpholquinone (4): 


CH,OCeH,XH, CHaOCeHt-CH, CHXOo) 

(I) 0 <^| I ► { 2 } 0 <^| I ( 3 ) 

HOCeHg . C(OH)’^ HOC'eHs . CO 

CHg CHg-^ * Cilj— CH2.N(CH,), 


CeHg.CH 


CH3O 
CH.COO 
^ ( 4 ) 


CeH4.COCOCH8 


} 


CeHj.CO 

C4H4.CO 


Hence it follows (i) that the newly-acquired hydroxyl is attached 
to one of the linking carbon atoms of the phenanthrene nucleus (9 or 
10) ; (2) from the alcoholic function of this hydroxyl group, that the 
phenanthrene bridge in the morphine alkaloids is hydrogenated; 
(3) from the transformation of a hydroxyl group into a carbonyl 
group on the passage of oxycodeine into oxymethyl-morp>himethine, 
that in the morphine alkaloids the nitrogen of the side ring is linked to 
thejtydrogenated bridge of the phenanthrene nucleus (B. 40 , 1980, 2042). 

By permanganate in acetone solution, or by hot chromic acid 
mixture, codeine is oxidized to codeinone, CjgHioNOg, the oxime-form- 
ing ketone group of which is formed from the alcoholic OH-group of 
morphine (see above). In contrast with codeine, and by analogy with 
thebaine, codeinone is directly split by boiling with acetic anhydride 
into hydroxyethylmethylamine and '^-methoxy-^f^-dioxy-phenanthrcne. 

Phosphorus haloids, by replacing the alcoholic hydroxyl by halogen, 
convert codeine into chloro-codide, Ci7Hi7Cl(0CH3)0, and bromo-codide, 
as in the case of morphine. Hydrolysis does not regenerate codeine 
from these, but produces, according to the conditions, three isomers 
of codeine, called isocodeine, pseudo-codieine, and allo-pseudo-codiemQ 
respectively. Of these, isocodeineis stereo-isomeric with codeine, since 
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oxidation with CrOg produces the same codeinone (see above). Simi- 
laxly , pseudo-codeine and allo-pseudo-codeine are structurally identical, 
but yield on oxidation a pseudo-codeinone isomeric with codeinone, 
whose iodo-methylate, on boiling with alcohol, is disintegrated to form 
3-methoxy“4,8“dioxy-phenanthrene. The conversion of codeine into 
^ 5 ^^^ 0 -codeine and allo-pseudo-codeine is therefore accompanied by 
a displacement of the alcohol hydroxjd from position 6 to position 8. 
Since the replacement of the OH-group by H results in the production 
of the same desoxy-codeine, CigHgiNOg, from all isomeric forms of 
codeine, thus indicating an identical C,N-skeleton, the position 8 cannot 
be contemplated for the attachment of the nitrogen ring to the phen- 
anthrene nucleus in the morphine alkaloids. Position 7 is also excluded 
by the presence of a CHg group in codeinone and ^s^^^o-codeinone, 
capable of reaction, and adjoining the carbonyl. These facts, in con- 
junction with the transformations of thebenine described below, have 
led to the establishment of the bridge formula'’ for morphine (Knorr, 
B. 40 , 3341) : 


Fusion of codeine, or, better, of pseudo-codeine, with oxalic acid 
produces ^s^w^^o-apo-codeine, CjgHigNOg, the 3-methyl ethyl of apo- 
morphine (B. 41 , 3050). 

Thebaine, Ci7Hi5NO(OCH3)2, silvery plates, m.p. 193°, is closely 
related to codeinone, into which it passes on saponification with dilute 
mineral acids, with elimination of a methyl group. Thebaine thus 
turns out to be the methyl ether of the enol form of codeinone. 

The connection between the three morphine alkaloids — ^morphine, 
codeine, and thebaine — can be represented by the following scheme 
(B. 39 , 1409) : 


f—OH 

OCH, 

[—OCHg 

r— OCH, 

■ 1 1 KUH 



J-COCH 3 

1— CH, 

1— CH, 

l—CH, 

1— CH 

Morphine. 

Codeine. 

Codeinone. 

Thebaine. 


Boiling with acetic anhydride splits up thebaine into the acetyl 
esters of hydroxyethylmethylamine and of 3,6-dimethoxy-4-oxyphe- 
nanthrene, or thehaoh The latter has been synthesized from a-amino- 
3,4-dimethoxy-a-(^-methoxy-phenyl-)-cinnamic acid (see phenanthrene 
syntheses) (B. 35 , 4400). 

By heating with HCl thebaine is transformed in two different ways, 
according to the concentration of the acid. When heated for a short 
time with dilute acid, a secondary base is produced, called thebenine, 
Ci7Hi 4N(OH)2(OCH3), while concentrated HCl produces a tertiary 
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base, morpho-thehaine, Ci7Hi4N(OH)2{OCH3). In both cases, codeinone 
is primarily formed, which in the same reaction conditions also passes 
into thebenine‘and morpho-thebaine respectively. Morpho-thebaine is 
an analogue of apo-morphine. Its dimethyl ether can be disintegrated 
by Hofmann’s method to ^,4,6-trimethoxy-8-vinyl-phenanthrene, and 
this, by oxidation, to ^,4,6’‘trimethoxy-phenanthrene~8-carhoxylic-acid 
(A. 873 , 52; 882 , 50). On the other hand, the di-methyl ether of 
thebenin yields by a similar process ^,4,8-tnmethoxy-phenanthYene- 
5-carboxylic acid. 

The nitrogenated side chain therefore probably attaches to the 
C-atom (5) of the phenanthrene nucleus in thebenine, and probably 
also in the three morphine alkaloids — ^morphine, codeine, and thebaine. 

This agrees with the fact that Thebenol, (CHjO)(HO)Ci4He| 

obtained from thebenine by treatment with methyl iodide and subse- 
quent decomposition with KHO, yields pyrene by zinc-dust distillation 
(B. 43 , 2128). Thebenine also yields pyrene on zinc-dust distillation, 
as well as the base thebenidine, C44H9N, which resembles phenanthridine 
(B. 84 , 767). In the formation of thebenine the displacement of the 
OH-group from position 6 to position 8 is to be noted, as in the transi- 
tion from codeine to _/)s^W(?-codeine. This is confirmed by the forma- 
tion of triacetylthebenine on heating pseudo-co^tinono, with acetic 
anhydride (A. 373 , 56). The following table gives the chief trans- 
formations of thebain: 



Papaverine (i), tetramethoxy-benzylisoquinoline, C 2 oH 2 iN 04 , m.p. 
148°. Its constitution results from its disintegrations. HI splits off 
4CH3I, producing papaveroline (2). KMn04 converts papaverine into 
papaveraldine (3) or tetramethoxy-benzoyU’so-quinoline, which is also 
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found in opium (C. 1911, L 987). Fusion with KOH splits up papa- 
verine into dimethoxyisoquinoline (4) and veratric acid (5). The oxida- 
tion of papaveraldine produces papaveric acid, a-dimethoxy-benzoyl- 
pyridine-^oy-dicarboxylic acid (6), dimethoxy-isoquinoline-carboxyhc 
acid (7), aj 5 y-pyridine- tricarboxylic acid (8), and meta-hemipinic 
acid (9) (G. Goldschmidt, B. 21 , R. 650). In the following scheme 
the H-atoms attached to the rings are omitted for the sake of 
clearness : 



Synthesis of Papaverine (A. Pictet, B. 42 , 2943). — The iso-nitroso- 
compound produced from aceto-veratrone with amyl nitrite and sodium 
ethylate is reduced by means of stannous, chloride and HCl to w-amino- 
aceto-veratrone (i). This condenses with homo- veratric acid chloride 
(2) in the presence of alkali to form homo-veratroyl-w-amino-aceto- 
veratrone (3), which is reduced by sodium amalgam to homo-veratroyl- 
hydroxyhomoveratrylamine (4). The latter, treated with PgOg in boiling 
xylene solution (compare tsoquinoline syntheses), splits off zHgO and 
forms papaverine (5) : 



Of other transformations of papaverine we may mention those of 
the papaverine halogen alkylates. On treatment with dilute alkalies 
they yield, with saponification of one methoxyl group of the 
iso-quinoline nucleus, phenolbetaines, from which the papaverine 
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iodalkylates are regenerated by heating with methyl iodide (A. 358 » 
288): 


CH30'\ 

CH30] 


CH3C3H3(0CH3) 




NI(CH3) 


CH3C3H3(0CH3)3 


oj ® *\CH=CH 
I I 


By the action of concentrated alkali the halogen alkylates of papa- 
verine split off halogen hydrides, and are converted into AT-alkyl-^'so- 
papaverines, which, with acids, regenerate the quaternary salts, and 
are split up by oxidation into AT-alkyh'soquinolones and vanillin methyl- 
ether (B. 37 , 520) — e.g» : 

CH,CeHa( 0 CH 8 )a CHC.HaCOCH,), OCHC^HgCOCH,), 

/C NC 1 {C 7 H 7 ) /C NC7H7 /CO— NC7H7 


Finally, on heating with alcoholic potash, papaverine iodo-methylate 
sphts off methylamine and is converted into tetramethoxy-^-phenyl- 

CH 

n u ^ (compare the transition 

from a-benzyh*soquinoline iodo-methylate to i 5 -phenyl-a-naphthol) 
(A. 362 , 305) : 


-CH 


H CH 

JcH, 




Laudanosio 


Laudanosine, C21H27NO4, m.p. 115°, is found in opium in very 
small quantities (about o*ooo8 per cent.). It is closely related to 
papaverine, whose methochloride passes, on reduction with tin and 
HCl, into the hydro-chloride of [d + /] -laudanosine, which must therefore 
be regarded as N-methyl-tetrahydro-papaverine, The \d -h /] -laudanosine 
can be split up by means of its quinate into its optically active anti- 
podes, the dextro-rotatory modification being identical with the 
laudanosine found in opium. The synthesis of papaverine therefore 
includes that of laudanosine. On a further synthesis, by way of di- 
hydropapaverine, see B. 42 , 1979. 

Narootine (i), C22H23NO7, m.p. 176°, [a]y =207'35°, is separated 
from morphine by means of KHO, in which it is insoluble (Robiquet, 
1817). On heating with alcohol or acetic acid it is racemized to 
gnoscopine=[i + Q-narcotine, m.p. 233°, which is also found among 
the opium alkaloids, but is probably a secondary body derived from 
narcotine. Through its (^-bromo-campho-sulphonate it can be split up 
into d- and /-narcotine (C. 1911, I. 1861; B. 44 , 800). Heated in water 
to 140°, narcotine is split up into cotamine (2), C12H15NO4, m.p. 125® 
(Wohler, 1844, A. 50 , i) and meconine (3) ; the latter, by oxidation, 
passes into opianic and hemipimc acids. 
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Cotamine is a pseudo-ammonium base’' of the iso-quinoline series, 
from which acids generate the salts of the real isomeric ammonium 
base. As for these pseudo-hdises, so also for cotamine, the desmotropic 
formula of a secondary amino-aldehyde must be considered (B. 33 » 
2273; C. 1904, 11 . 455): 


rCH(OH).NCH8 
icHa CHa 


fCHONHCHs HCl 

IcHa-CHa NaOH 


■{ 


CH=NC1(CH8) 

CHa-CH, 


This tautomeric character of cotamine explains some of its rather 
contradictory reactions. Thus, cotamine as an aldehyde yields, with 
hydroxylamine, a cotamine oxime (A. 254 , 335) ; with aniline it gives 
cotamine anil, which, with cold methyl iodide, gives a quaternary 




« 2 ) CH.O CHOH ( 3 ) O - -CH, 

6>j^ 


r.H, . 

CH, cn,o 

Narcotin 


JH CHa 

Cotarnin 


CH,<; I ($.0.) , , 

^nl 1 CH5 CHaOl^ jH 

OUi 

Mekonm 



Ilydrocotamin 
(3) CEifi 


CHa 

IX CH, 
Oxycotarnin 


(7) CIt 

ro*u V N< 

I 


■/V 

H CHa 


CO- 
CO,! 

chX 


j f 


Cotamicacid Apophyllenicacid 
i9) CH,q CS (10) COoH 

CH,< 


/Of V HNCH, 

CH, 
CHa 


U CHa 


Nomarceln 


^ co.Hr^.H 
CPaol Jh 
chX 

Hemipinic acid 


trimethyl ammonium iodide, (B. 36 , 1522). 

With ketones, and substances with a methylene group capable of 
reaction, cotamine also condenses with elimination of water, forming 
compounds, to some of which the open iormula can be proved to 
apply by the preparation of a benzoyl derivative. This is the case 

in anhydro-cotarnineacetone, CH8NHCH8 2744)* 

On the other hand, on reduction (compare B. 31 , 1577) cotamine 
yields hydro-cotarnine (4), and on oxidation with KMn04, oxy-cotamin 
(5) (C. 1900, I. 1029; 35 , 1737), both of which must be regarded as 

true tetrahydroisoquinoline derivatives. On further oxidation oxy- 
cotamine becomes cotamic acid (6), a methoxymethylenedioxybenzene 
dicarboxylic acid, which, on heating with HCl, jdelds methyl methy- 
lene gallic acid and with HI gallic acid (W. Roser, A. 249 , 156 ; 264 , 
334; 272 , 221; synthesis of cotamic acid, see C. 1910, 1 . 342). Nitric 
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acid oxidizes cotamine to apo-phyllenic acid (7), the methyl betaine 
of cinchomeronic acid (compare B. 29 , 2190). On boiling with dilute 
acetic acid, narcotine, like the cinchona alkaloids, is split up to form 
a ketone — viz., nornarcelne (8) — whose isonitroso-compound in Beck- 
mann’s transposition splits up into hemipinic acid (10) and a nitrile (9) 
(A. 377 , 223) (for diagram, see p. 253). 

The position of the CH3O- and CHgO^-groups in the isoquinoline 
nucleus of narcotine, cotamine, etc., is proved as follows : As ^)-methoxy- 
benzaldehyde anil, in contrast with the m- and ^-derivatives, is split 
up by methyl iodide into methyl-aniline and o-hydroxybenzaldehyde, 
so also does cotamine anil (see above), treated with warm methyl 
iodide, pass into a hydroxy aldehyde (B. 86, 1523), a proof of the ortho- 
situation of the CH3O- and CHO-groups in cotamine. On the action 
of magnesium-organic compounds upon cotamine, see B. 44 , 2353 - 

Synthesis of Cotamine and Narcotine. — 3-Metlioxy-4,5-metliylene- 
dioxy-phenyl-propionic-acid, CH30[3]CH202[4,5]C6H2[i]CH2. CH2CO2H, 
obtained from myristicin aldehyde^ CH30[3]CH202[4,5]C3H2[i]CH0, by 
condensation with acetic ester, saponification, and reduction, is con- 
verted, by treating its amide with hypochlorite, into homo-myristi- 
cylamine, CH30[3]CH202[4,5]C3H2[i]CH2 . CHgNHg. The phenacetyl 
compound of this base (i) condenses, on heating with P2O5 in xylene, 
to form i-methoxy- 2 , 3 -methylenedioxy-a-benzyl-dihydrotsoquinoline 
(2), whose iodo-methylate is reduced by tin and HCl to a-benzyl- 
hydrocotamine (3). The latter is oxidized by manganese dioxide 
and dilute sulphuric acid to cotamine (4) with elimination of benzalde- 
hyde (C. 1910, II. 478; compare also C. 1911, II. 1267, 1816): 



CHo 




CH, 




CH,C,Hs 


CHgCeH* 


(4) H CII* 

lii 


2 

CHa 


CH 3 O CHOH 


Cotamine and meconine combine on boiling in methyl alcohol 
solution to form [d + (]-naJCotine or gnoscopine, which, as already men- 
tioned, can be split up into d- and /-narcotine (C. 1911, I. 1861). 

Narceine (2), C23H27NO8 + 3H2O, m.p. 170° (anhydrous), is found, 
besides narcotine, in opium, and is obtained from narcotine iodo- 
methylate (i), on treatment with KHO (A. 286 , 248; C. 1899, 

II. 390): 


(I) CH 3 O CH CH . 

<!x:0|^Nh 

Uh 


H CH, 


CH,0 

CH, 


( 2 ) CH,0 CH 


-CO- 




H 



N(CH,), CO,H 
CH.O 
CH, 


A 




Compare the analogous transformation of cinchonine methiodide 
into methylcinchotoxine. 
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Hydrastine (i), CgiHgiNO^^ (see scheme below), m.p. 132®, [a]n 
-67° in chloroform (Durand, 1851), is found, besides berberine, in 
Berber is vulgaris and in the root of Hydrastis canadensis, a North 
American plant belonging to the Ranunculacece (C. 1899, IL 122). 
Hydrastine has a constitution resembling that of narcotine, from which 
it only differs by containing one methoxyl group less. On oxidation 
it splits up into opianic acid (3) and hydrastinine (2), m.p. 116°, which 
is the physiologically active part of hydrastine. Hydrastinine reacts 
like cotarnine, partly as a cyclic alkamine, partly as an amino-alde- 
hyde. The formation of salts occurs with elimination of water, and 
produces real dihydro-iso-quinolinium salts. 

On reduction, hydrastinine passes into hydrohydrastinine (4) or 
'^-methyl-Bz-2,yinethylenedioxytetrahydroisoquinoline, On oxidation 
with potassium permanganate, hydrastinine first produces oxy-hydras- 
tinine (5) and then hydrastinic acid, which, with nitric acid, is converted 
into the methylimide of hydrastic acid (6) or 4, S-methylenedioxyphtha- 
lie acid. On the synthesis of hydrastic acid, see C. 1907, II. 602 ; B. 43 , 
1336. Hydrastinine itself is oxidized by nitric acid, like cotarnine, 
to apophyllenic acid (7) (W. Roser, A. 249 , 172; Freund, A. 271 , 311): 


(i) H CH 


CH,< 


NCH, 
H CH, 


-CH- 
6. CO 

ch.qI 
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* V 
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Synthesis of Hydrastinine , — Piperoxylideneaminoacetal (i) con- 
denses with concentrated H2SO4 to Bz-z^ymethylenedioxyisoquinoline 
(2), which, on reduction of its iodo-methylate (3) with tin and HCl, 
passes into hydro-hydrastinine, m.p, 6o®-6i°. The latter is converted 
into hydrastinine with potassium bichromate and sulphuric acid 
(Fritsch, A. 286 , 18) : 


(i) H CH 



( 2 ) H CH 






On recent sjmtheses of hydrastinine, see C. 1911, II. 171, 1816. 
Berberine (i), C20H19NO6 + 5H2O, m.p. 145° with dec., is found in 
the roots of Berberis vulgaris and in many other plants. It is optically 
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inactive. Of the numerous decomposition products due to oxidation 
with KMn04, we may mention oxyberberine (2) and berberal (3) as con- 
stitutionally important. The latter, boiled with dilute sulphuric 
acid, decomposes into psetido-opismc acid (4), isomeric with opianic 
acid, and the lactam of w-amino-ethyl-methylenedioxybenzoic (5), 
the constitution of which has been cleared up by conversion into oxy- 
hydrastinine (W. H. Perkin, junior, J. Ch. Soc., 66, 63; 67, 991): 



The positions of the two methoxyl groups follows from the formation 

of 2-Benzoyl-3,4'^methoxy-benzoic acid, ch8o[3] 

during the oxidation by KMn04 of phenyldihydroberberine, which is 
obtained by the action of CgHgMgBr upon berberine (C. 1910, II. 888), 
The free berberinium base separated out from berberinium salts 
seems only to be stable in solution, and on evaporation passes into a 
pseudo-ammonium ” base, which, like cotamine and hydrastinine, 
is to be regarded either as a cyclic alkamine or as an amino-aldehyde, 
sometimes called berberinal (C. 1911, II. 879) : 

— CH=N(OH)— CHj >--CH(0H)— N-~CHa— or —CHO HN—CHg. 

As an amino-aldehyde, berberine forms with hydroxylamine and 
^-amino-dimethyl-aniline an oxime and a dimethyl- amino- anil 
(C. 1905, I. 939), and condenses with ketones with evolution of water 
(compare acetoneberberine, C. 1911, II. 1865). On heating with alkali, 
berberine yields dihydroberberine and oxyberberine. Berberine has 
dyeing properties. It forms brownish-yellow needles. On reduction 
it yields the colourless tetrahydroberberine, C20H21NO4, the racemic 
form of Canadine, contained in the root of Hydrastis canadensis, besides 
hydrastine. By means of its bromo-campho-sulphonate, tetrahydro- 
berberine has been split up into d- and /-canadine (C. 1910, I. 1261). 
On heating berberine hydrochloride to 200® in a stream of COg, methyl 
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chloride is split off, and a dark red phenol betaine, the so-called herheru- 
bin, C19H13NO4, is formed, from which methyl iodide regenerates 
berberine hydriodide (C. 1910, II. 166). On the action of magnesium- 
organic compounds upon berberine, see B. 88, 2652 ; 40 , 2604. 

Synthesis of Berberine (A. Pictet, B. 44 , 2480). — Homo-piperonyl- 
amine, (CH^Og): C9H3XH2.CH2NH2, condenses with homo-veratric 
acid chloride, (CH80)aC3H3CH2.CH2C0Cl, in the presence of alkali to 
form homo-veratroyl-homo-piperonylamine (i), which, on boiling 
with P2O5 in xylene, passes into the dihydrotsoquinoline base (2). 
Reduction with tin and HCl converts the latter into the tetrahydro- 
iso-quinoline base (veratryl-norhydrastinine) (3), which condenses with 
methylal and HCl to tetrahydroberberine (4), which, on gentle oxida- 
tion, yields berberin: 



Synthesis of oxyberberine, see B. 44 , 2036. 

From the roots of Corydalis cava numerous alkaloids have been 
isolated which are closely related, partly to berberine, partly to apo- 
morphine. Only the most important of these are mentioned here. 
Their constitution has been mainly determined by J. Gadamer. 



Corydaline, Ci8Hi5N(OCH3)4, m.p. 134®, [a]D = 4-3oo®, colourless 
>risms. On sUght oxidation it passes into the yellow dehjniro-ooryda- 
Ine, CjaHasOgN, corresponding to berberine. Stronger oxidation with 
VOL. III. s 
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KMn04 produces coiydaldine, <0 - aminoethylveratric acid lactam, 


CH.0[3]'| r[i]CO.NH 
CH,0[4]/ • *\[6]CH,CH, 


(C. 1905. II. 54). 


Corybulbine, Ci8Hi5N(OH)(OCH3)j, m.p. 237®, contains a free phenol- 
hydroxyl, and passes on methylation into corydaline (C. 1901, 1 . 185). 

The following corydalis edkaloids are closely related to apomorphine : 
Coiytaberine, Ci,HisN(OH)3(OCH3)2: Olaucine, Ci,Hi3N(OCH8)4; Cory- 
dine, Ci,Hj3N(OH)(OCH3)8; Bulbocapnine, C„Hi3N(0]^(0CH3)(03CH3). 
Exhaustive methylation and subsequent oxidation disintegrates these 
alkaloids, like apomorphine, into phenanthrene carboxylic acids 
(C. 1912, I. 36 , 147, 149). 

Special interest attaches to the conversion of laudanosine into glau- 
cine in view of the possibility of the formation of the phenanthrene 
ring in plants. The nitro-laudanosine obtained by the nitration of 
laudanosine yields on reduction, diazotation, and boiling with powdered 


copper, racemic glaucine (see phenanthrene synthesis). By means of 
tartaric acid this is split up into d- and f-glaucine, the <i!-modification 
being identical with natural glaucine (C. 1912, I. 150) : 


CH,0, 

CH30I 


H CH* NCH, 
CH, 

Jh 1 <^Hr 


CHjOl^ Ih 

CH,(/ 

Laudanosin 


CH 3 O 

CH3O 


H CH, NCHa 




Glaucin 


B. POLYHETERO-ATOMIC SIX-MEMBERED RINGS. 

Polyhetero-atomic six-membered rings, containing oxygen and 
sulphur as ring members, occur in a series of bodies which have already 
been discussed at the conclusion of allied bodies. Dialkylene ethers — 
e.g., diethylene oxide — and the anhydrides of a-oxyacids — e.g., gly collide, 
diglycollic anhydride — contain rings consisting of four carbon atoms 
and two oxygen atoms. The six-membered ring of diethylene disul- 
phide and of thianthrene or diphenylene disulphide contains two 
sulphur atoms, while three oxygen atoms or three sulphur atoms are 
present in the pol5nneric aldehydes and the thioaldehydes— e.g., 
trioxymethylene, trithiomethylene, paraldehyde, trithioaldehyde. 

AZINES. 

Those members of this division containing N-atoms as ring members 
reqmre more exhaustive consideration. This was done also with like 
bodies of the five-membered series. They may be regarded, like the 
azoles, as derived from furan, thiophen, and pyrrole by the replace- 
ment of methin groups of monohetero-atomic rings, and accordingly 
they can be grouped under the common name of azines. 

The oxazines, oxdiazines (azoxazines), and dioxdiazines are, then, the 
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rings with the hetero-atoms: N and O, 2N and O, 2N and 2O; the 
thiazines and thiodiazines are the rings with the hetero-atoms 
S and N, S and 2N; and the diazines, triazines, and tetrazines are 
the six-membered rings with 2, 3, and 4 N-atoms. The position iso- 
merides of dihetero-atomic azines are distinguished according to the 
position of the hetero-atoms with reference to one another by the pre- 
fixes ortho-, meta-, and para-. Thus, the three possible diazins as ortko- 
II 11 I I 

C— C— N :C— N— C: : C— N—C : 

diazine, I I , metadiazine, I 1 , and Mradiazine, 1 I 

II II I II 

(B. 22, 2083 ; A. 249, i ; J. pr. Ch. 38, 185) ; the oxazines as orthoxa- 
zines, metoxazines, paroxazines ; the thiazines as orthothiazines , meta- 
thiazines, and parathiazines. 

The parent substances of important classes of dyes (compare 
resorufin, methylene blue, toluylene red, safranines, indtdines) are the 
dibenzo - derivatives of the paroxazines, parathiazines, and para- 
di azines. 

I. OXAZINES. 


C— C— N 

A. The ring of orthoxaasine, I I , is present in the oxime anhy- 

c — c — 


drides of the y-aldehydo- and y-ketonic acids — e.g., benzallaevuloxime^ 
CeH^CH : CH— CH,— CO 

I I , which bear the same relation to the oxime 

CH,.c--==N— o 

anhydrides of the ^S-ketonic acids, the isoxazolones, as the S-lactones 
to the y-lactones (B. 25, 1930). The ring formation of the oximes 
of o-benzaldehydo- and o-benzo-keto-carboxylic acids occurs without 
difficulty. Derivatives of henzorthoxazines are produced: Benzorthox- 

CH=N 

azinone, o-Benzaldoxime carboxylic anhydride, C^H,/^^ is derived 

from phthalaldehydic acid. It readily rearranges itself to the isomeric 
phthalimide (B. 24, 2347). There is an intermediate formation of 
o-cyanobenzoic acid (see the indoxazenes). Benzomethylorthoxazinone, 


o-Acetophenonoxime carboxylic anhydride, C^H,/^ 
(B. 16 , 1995). 


C(CH3)=--N 


I , melts at 179 


aC— N— C(/4) 

B. The following contain the Metoxazine ring, I 7 I : 

j5C — c — o 

II 1 11 

I. The pentoxazolines, which are produced by the splitting-off of 
HBr from the y-bromalkylamides. This is similar to the formation of 
the five-membered oxazolines from the /3-bromalkylamides (B. 24, 3213) : 


CHg— CH,— NH 

y-Bromethylbeazamide, 


CH,--0 CCeH, 

/^•PbenylpentoiuixoUna 
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iU-PhenyI<a.methylpentozazoline, C4HoNO(CH3)(CgHs), and /<-Phenyl- 
a-dimethyl-y-metbylpentozazoline, C4H3NO(CH3)3(CgHg), melting at 
32°, are obtained from y-chlorobutyl- and y-brom»sohexylbenzamide. 
/i-Allylamino- and ju-phenylamino-y-mei^lpentozazolme, or 'iH-allyl 

CH, CH,— N 

and Jii-phenyl butylene-^l'-urea, \ II , are obtained from 

CH(CH,)— O C(NHR) 

7-chlorobutylamine by means of allyl- and phenyl-mustard oil (B. 29 , 
1428; 30 , 1319)- 

II. Derivatives of benzometoxazine or phenopentoxazoUne are formed 
from o-amino-benzylhalogenides and acid anhydrides (B. 27 , 3515) : 

,CH,Br /CH,— O 

C,H,< + HOOC.CH, > C,H4< 1 

^NH, \n==--C.CH, 

o-Axninobenzyl Bromide. » ju,*Methylpbenopentoxazolixie. 


The cumazonic acids (B. 16, 2585) also belong here — e.g., ^-Methyl 

cumazonic acid, Benzotrimethylmetoxazine, c .CHa » 

ing at 218®, and /i-Phenyl cumazonic Acid, Benzodimethyl-ix-phenyU 
C(CH3),--0 

metoxazxne^ C3H4<^ | ^ melting at 220®, which have been 

obtained from 3 -aminO“ 4 -oxypropyl-benzoic acid with acetyl chloride 
and benzoyl chloride. Carbon dioxide is liberated. 

The acylanthranils must be regarded as a/9-benzometoxazones* 

iM-Phenyl-/?y-ben20-metoxazone, , m.p. 106®, is formed 

\0 — C . 04 x 15 

by the action of gaseous HCl upon O- and N-benzoyl salicylic acid 
amide (C. 1910, I. 1263). 

The imino- and thio-cumazones are derivatives of dihydrohenzometox- 
azine. The former result upon the exit of water from the urea deriva- 
tives of o-aminobenzyl alcohol, the latter by the action of CSg upon the 
alcoholic solution of o-aminobenzyl alcohol and related compounds: 




CHjOH 

NH.CO.NH.C4H5 


XHjO 

:«H4< I 

^NH.C.N. 


CeHL 

Phenyl-imino-cumazone. 


-CHjOHcs. /CH,0 


NH.CS 

Thiocumazone. 


The imino-cumazones are isomeric with the keto-tetrahydroquin- 
azolines, and when digested with aromatic amines become quinazoline 
compounds. The 0 -member is replaced by NR. The thiocumazones 
behave similarly {B. 27 , 2424). 

Phenyl-imino-cumazone, Benzodihydrometoxazine anil, C 8 H 7 ON:- 
(NC^Hg), melting at 146® (B. 22 , 2938), forms stable salts with acids; 
with acid anhydrides and chlorides it ;^elds addition products. Thio- 
cumazone, Benzo-dihydro-thiometoxazine, C8H70N: S, melting at 
142®, is an acid, and forms a sparingly soluble potassium salt (B. 25 , 
2979; 27 , 1866). 

Ai- Methyl- and n - phenyl ~ Py- benzo - dihydro - metozazone, 

.Q — QH R 

, m.p. 146° and 169®, are formed by the condensa- 
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tion of acetaldehyde and benzaldehyde with salicylic, acid amide 
(C. 1907, II. 1341). 

Naphtho-iSy-dihyciro-metoxazines are formed by the condensation 
of / 5 -naphthols with aldehydes, NH3, or amines (C. 1901, II. 1009) : 

fO CHCeH, (0 CHCeH. 

“**‘lCH(C.Hs) .NH ‘\CH(C,H,) .NC,H, 

N — C — C 

C. Paroxazines,^^ 

I. Of the simple nucleus, we know only saturated derivatives. 

or morpholine, b.p. 129®, was 

so called because, for some time, a similar ring was supposed to 
exist in morphine. It is formed from diethylolamine, NH(CH2CH20H)2 
(see Vol. I.), by heating with 70 per cent, sulphuric acid to 160® to 
170®. It is better to. start from toluenesulphondinaphthoxyethyl- 
amide (CioH70CH2CH2)2NS02C7H7, which is formed from bromethyb^- 
naphthol ether, CioH70CH2CH2Br, with toluenesulphonamide, and 
gives morpholine on heating with mineral acids (B. 34 , 1157). Morpho- 
line closely resembles piperidine. By exhaustive methylation it is split 
up into trimethylamine, acetylene, and water (A. 801 , i; B. 32 , 736). 

Keto-derivatives of morpholine are represented by iV-methyl- 
morpholone, b.p. 233®, from oxethylmethylamino-acetic acid (A. 307 , 
199) ; diglycollic acid imide; and the isomeric diglycoUimide acid anhy- 
dride (see Vol. I.) : 

CHa— O— CH, CO O CH^ C0-~0--C0 CH,— 0--CHa 

CH 2 .NH.CH, CH,.N(CH 3 ).CH 2 CH 2 .NH.CH 2 CO-NH-CO 

Morpholine. Methyl*morpholone. Diglycolamic acid Diglycollic acid 

anhydride. imide. 

II. Benzoparoxazine has the derivatives: i?-phenylbenzoparoxazine, 
O—CH, 

CeH^/ I , m.p. 103®, obtained by the reduction of o-nitrophenyl 
N = CC2H5 

phenacyl ether, (N Og) C^H^OCHgCOCgHg ; and p - methylbenzopar- 
oxazine, C9H9NO, similarly obtained from o-nitrophenoxy acetone. 
Stronger reduction in the latter case produces jS-methylbenzomor- 
pholine, C9H11NO, b.p. 255® (B. 31 , 752). 

/O CH, 

Benzomorpholine, » t).p. 268®, from o-hydroxyethyU 

aminophenol; on decomposition by iodo-methylate, it gives o-dimethyl- 
aminophenyl vinyl ether, (CH3)2NCgH40.CH : CHg ; benzomorphohne 
resembles tetrahydroquinoline (B. 82 , 732). 

The combination of tetrahydro-naphthylene oxide with amino- 
ethyl alcohol produces the so-called naphthalane - morpholine, 
.CH2.CH~-0-~CH, 

I ni.p. 63®, b.p. 312®, which, like morphine, is 

soporific. Decomposition by exhaustive methylation converts it into 
dihydronaphthyl dimethylaminoethyl ether, CioH90XH2CH2.N(CH3)a, 
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which resembles methylmorphimethine in its decomposition into 
naphthaline and dimethylamino ethyl alcohol, which, however, in 
this case occurs much more easily (B. 32 , 742; A. 807 , 171). 
Amino-camphor and ethylene oxide produce camphene-morpholine, 

b.p. 242® (A. 307 , 187). 
yO CH, 

Benzo-^-morpholone, C0H4<; | , from o-nitrophenoxyacetic 

^NH— CO 

acid (see C. 1898, II. 540) . The two isomers, Benzo-a-methyl-)?-morpho« 
lone and benzo-i^-met^l-a-morpholone, m.p. 145° and 110° respec- 
tively, are obtained from 0 - nitrophenoxypropionic acid and from 
o-aminophenol with bromopropionic acid ester (B. 30 , 2927; 33 , 1598). 

Naphtho-j7-morpholone, m.p. 216°. 

On electrolytic reduction the morpholones partly yield morpholines 
and partly split the hetero-ring (C. 1903, II. 447). 

III. A series of important dyestuffs belong to the group of dibenzo- 
paroxazine or phenoxazine, of benzo-naphtho- and dinaphtho-par- 
oxazine. 


o 



NH 

Phenoxa/in. 


Phenoxazine, m.p. 148°, is formed by heating o-aminophenol with 
catechol (A. 322 , 9). 

3-Methylphenoxazine, m.p. 124®, from catechol and 0 - amino- 
w-cresol; 3,6-dimethylphenoxazine, m.p. 205 from homocatechol and 
o-amino-w-cresol. 4-Nitrophenoxazine, m.p. 166°, from o,^-dinitro-Oi- 
hydroxydiphenylamine, on heating with dilute NaHO with elim- 
ination of NOgH (A. 866 , 80). Similarly, 2,4-4initrophenoxazine is 
obtained from picryl chloride and o-aminophenol. 

Phenanthroxazine, (€4114) phenanthrene 

hydro-quinone with NH3 (B. 84 , 535). 

Phenoxazine and its homologues are oxidized by bromine or ferric 
chloride to coloured ortho-quinoid so-called azoxonium salts (with 
quadrivalent oxygen), which mostly are very unstable. Especially 
when the para-positions to the N-atom are free from substitution, 
substitution easily takes place in these positions on treatment with 
amines or alkalies by the groups — ^NHR and — OH. 

Thus the Dyes of the Paroxazine Series are produced, which form 
inner anhydrides by splitting off i molecule of acid (A. 822 , i) — e.g, : 


^ ).C,H4 QH^NH Nc.H. 


C,H,NH.C,h/ Sc,H4 — > c,h,h.c,hZ Nc.h,. 
'0{Br)/ > 0 ^ 
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This interpretation of the paroxazine dyes as ortho-quinones, which 
may be equally applied to the parathiazine and paradiazine dyes (see 
below), is in contrast with the older theory, which regards these com- 
pounds as paraquinones and derivatives of the quinone anils, indo- 
phenols, and indamines, in which the two aromatic nuclei, in the ortho- 
position with respect to the tertiary N-atom, are linked by an oxygen 
atom — e.g, : 

O ; C,H, =N-C.H,OH O ; C.H,<^^^C,H,OH C,H,N : C.H 

Indo'pbenol. Oxy-phenoxazone (Resorufin). Phenyl-phenoxaxime. 

Perhaps the ortho- quinoid anhydride forms are desmotropic 
with the para-quinoid forms; the latter, for the sake of convenience, 
have been retained in what follows. For the phenoxazime salts the 
para-quinoid constitution may be preferable. Accordingly, as quinone 
monimine or quinone di-imine derivatives are in question, the ground 
substances of the phenoxazine dyes are distinguished as phenoxazones 
or phenoxazimes (B. 25 , 2995). They are also produced: 

I. Upon condensing c?-hydroxyquinones and o-hydroxyquinone- 
imines with o-aminophenols. The hydroxy-/)-quinones of the naphtha- 
lene series are especially adapted for these condensations (B. 26 , 
2375; 28 , 353 ): 

< OH OH\ /0\ 

a,o-Hydroxynaphtbo<jumone. o-Ajninopbenol« Napbtbopbenoxazone. 

2. Oxy- and amino-derivatives of the phenoxazones and phenox- 
azimes, the real dyes, result by the condensation of quinone dichlor- 
imides, nitrosophenols, or nitrosodimethyl aniline with polyhydric 
phenols or tertiary aminophenols : 

o : 2 > o ; 

Nitrosopbenol. Resorcin. Hydroxypbenoxarone. 

3. Aminophenoxazimes are obtained by air oxidation of hydroxy- 
p phenylene diamines in acetic acid solution (B. 40 , 3397; 42 , 1275): 

nH : C.H 

Phenoxazone, 0[3]CeH2(NO)CeH4, m.p.''2i7®, golden-brown flakes; 
phenoxazine with FeClg gives the unstable phenoxazonium chloride (see 
above), which, on boiling with water, yields phenoxazone (B. 35 , 341). 

Besoru^, Hydroxyphenoxazone, O : CeH3(NO)CeH3(OH), is produced 
when nitric acid containing N2O3 acts upon an ethereal solution of 
resorcin (Weselsky, A. 162 , 273); and from nitrosoresorcin by means of 

resorcin (B. 24 , 3366). Resazurin, O : is an 

intermediate product in this reaction. The alkaline solutions of reso- 
rufin are rose-red, with a magnificent cinnabar-red fluorescence. 
Orcirofln is obtained, like resorufin, from orcin. 
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Phenylphenozazime, CflH5N[3]CoH3(NO)CeH4, red flakes, m.p. 197°, 
from phenoxazine by oxidation with FeClg in the presence of an 
aniline salt, is converted by further action of anihne into anilino- 
phenylphenoxassime* C3H5N[3]CeH3(N O) CgHgfbJNHCeHg, which re- 
sembles the dyes of the Capri Blue series, which are dso derived from 
3,6-diaminophenoxazine — e.g.t (CH3)2NC3H3(NO)C3H2(CH3)N{C2H5)2, 
whose zinc chloride double salt, obtained from o-diethylamino-w-cresol 
and nitrosodimethylaniline, is the Capri Blue G.O.N. of commerce 
(C. 1902, II. 458). 

Gallocyanine, Dimethylamino-hydroxy-phenoxazone-carioxylic acid, 
N(CH3)2.C3H3(NO)CgH(OH)COOH: O, is produced by the action of 
nitrosodimethylaniline upon gallic acid. With mordants, especially 
chromic oxide, it forms violet-coloured and stable lakes (calico 
printing). 

On heating with aqueous sodium acetate, soda, etc., gallocyanine 
expels COg and passes into dimethylaminohydroxyphenoxazone (C. 
1908, I. 573). On the products of the action of primary aromatic 
amines upon the gallocyanine dyes, see J. pr. Ch. [2], 77 , 498. 

Phenonaphthoxazone, 0: CioH6(NO)C3H4, m.p. 192°. Naphtho- 
phenoxazone, O: C3H3(NO)CioH3, brown needles, m.p. 211®, from 
nitrosophenol and ^-naphthol (B. 36 , 1807). Phenonaphthoxazime, 
NHCioH 5(NO)C3H4, m.p. 243"^, from hydroxynaphthaquinone-imine 
with o-aminophenol. 

Chlorohydroxyphenoxazone, CeH4(NO)C3HCl(OH) : O, melting with 
decomposition at 235®, is obtained from ^-dihydroxychloroquinone 
and aminophenol (B. 26 , 2375). 

Dimethylnaphthophenoxazime chloride, CioH6{NO)C6H3:N(CH8)2Cl, 
from ^-naphthol and nitrosodimethylaniline, is the so-caUed naphthol 
blue, which dyes cotton mordanted with tannin a violet-blue (B. 28 , 
2247). Nile blue is an amino-derivative of naphthol blue, while cy ana- 
mine is an anilino-derivative. For other derivatives consult A. 289 , 
90; B. 29 , R. 1,000). 

Hydroxyphenoxazime, oxida- 

tion of 0 - aminophenol. It condenses to triphenodioxazine^ 
with another molecule of aminophenol ; B. 23 , 

182, 27 , 2784; 82 , 126). See B. 29 , 2076, for methyltripheno- 
dioxazine. 


2. THIAZINES. 

C— C— N 

A. Orthothiazines,^^ U are not known. 

(a)C— N-~CW 

B. Metathiazine, . The following bodies are derived 

, . («( 7 ) 

from this nng: 

I. The penthiazolines, corresponding to the pentoxazolines. They 
are prepared from the y-haloid alkylthiobenzamides. 
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ju-PhenylpenthiazoIine, 


CH,.CH,.N 


, melting at 45°, is obtained 


irom^thiobenzamide and trimethylene chlorbromide (B. 26 , 1077). 
A*-Phenyl-a-dimet^l-y-methylpenthiazoline, C4H3NS(CH3)3(C6H5), 
melting at 34°, is derived from y-bromisohexylthiobenzamide. 
/i-Mercapto-y-methylpenthiazoline and -y- methyl - a - dimethylpen- 
thi^oline, melting at 131® and at 180®, are made from y-chlorbutyl- 
amine and y-bromisohexylamine by the action of carbon bisulphide 
(B. 29 , 1429; 30 , 1321; see also B. 29 , R. 648 and 684). 

CHj— CO— NH 

Diketo-penthiazolidine, Sinapane-propionic Acid* | I , mel t- 

CH, — S — CO 

ing at 159®, results when jJ-iodopropionic acid acts upon xantho- 
genamide (B. 24 , 3848). 

II. Derivatives of henzometathiazine or phenpenthiazole are produced 
in the interaction of o-aminobenzyl haloids and thio-amides (I. 282; 
II. 251) (B. 27 , 3519): 


/CH,Br 

+ NHaCS.CHa 


/CH,— S 

-> CaH/ I 

r 


A^-Methylphenpenthiazole, melting at 46®, is produced by the action 
of PgSg upon ^-methylphenopentoxazole; also from o-acetylamino- 
benzyl alcohol and P2S5, as well as from o-acetylaminobenzyl sulphide 
and PCI5. Consult B. 30 , 1143, for other derivatives. 

The imino- and thio-cumothiazones, corresponding to the imino- 
and thiocumazones, belong here. Like them, they result from the 
action of CS2 and alcoholic potash upon the thio-urea derivatives 
of o-aminobenzyl alcohol, or aminobenzyl alcohols in general : 

_ . . . /NH— CS 

Thiocumothiazone, Benzodihydrothiothiazine, ^ » melt- 

ing at 166°, is an acid. It forms iV-phenylthiotetrahydroquinazoline 
when boiled with aniline, the ring sulphur atom being replaced by 


NH— C : NH 


Iminocumothiazone, Benzylene-yj-thiourea, ^ 

N— C.NH, 

or CgH^/ I ^ melting at 137®, is produced in the reduction of 
V/Ho — S 


o-nitrobenzyl sulphocyanide, as well as from o-aminobenzyl chloride 
and thiourea. Potassium permanganate oxidizes it to a-quinazolone, 
while, digested with piline, it forms phenylimino-cumothiazone, 
henzodihydrothiazine anil, melting at 197°, which results upon expelling 
water from w*hydroxy-o-tolylphenylthiourea (B. 22 , 2933; 27 , 2429), 
C— N— C /NH— CO 

C. Farathiazine,^ Eetodibydrobenzothiazme, c«H4<^^ 1^, 

is a benzo-derivatiye which may possibly originate from this ring. It 
melts at 179®, and is produced by the interaction of o-aminothiophenol 
and bromacetic acid (B. 30 , 607). 

The sjnnmetrical dibenzo-derivatives — e,g., dibenzo- and dinaphtho^ 
parathiazine, or thiodiphenylamine and thiodinaphthylamine — are more 
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important. Thiodiphenylamine corresponds to phenoxazine or diben- 
zoparoxazine, and, like the latter, is the parent substance of a series of 
more important dyes, among which is the very valuable methylene blue. 


s 



Thiodiphenylamine. 


Thiodiphenylamine, melting at 150° and boiling at 370®, is pre- 
pared analogously to phenoxazine by heating o-aminothiophenol and 
pyrocatechol to 220®. An easier course consists in heating diphenyl- 
amine to 250° with sulphur in the presence of AICI3 (C. 1910, II. 255) 
or S2CI2 (B. 21, 2063). It is a neutral body, the imine hydrogen of 
which can be replaced by alkyl and acid radicals. See B. 24 , 2910^ 
for the urea derivatives. Tetrachlorothiodiphenylamine, m.p. 235° 
(B. 29 , 1363). H2O2 oxidizes thiodiphenylamine to diphenylamine 

solphoxide, CcH4<^^>c«H4, m.p. 250®, which, with cold HCl, gives 

phenazothionium chloride (see below), and, with hot HCl, chloro- 
thiodiphenylamine (C. 1909, II. 1326; 1910, II. 890). With nitric 
acid, thiodiphenylamine yields nitrodiphenylaminesulphoxide, 
CeH4<^^>CeH8.N02, which Can be reduced to 3-amino-thio-diphenyl- 
amine, and dinitro-diphenyl sulphoxide, which can be reduced to 3,6-di- 
aminothiodiphenylamine or *'leucothionine'* NHj.CeH8<j^^>CeH8.NH*. 
The latter is also formed by heating - diaminodiphenylamine, 
(NHgCgHJgNH, with sulphur. It is the leuco-base of the simplest 
thionine dye, into which it is converted by oxidizing with FeClg. The 
tetra-methyl derivative of leucothionine is the leuco-base of methylene 
blue. The therapeutically active acidyl derivatives of leuco-methylene 
blue, like N(CH3)2CeH4[N(COCH3)S]CeH4N[CH3]2, are easily obtained 
from the zinc chloride double salt of leuco-methylene blue with acid 
chlorides (B. 88, 1567). 

2,4-DimtrotModiphenylamme, from picryl chloride and o-amino- 
thiophenol, gives, on reduction, an isomer of leucothionine (A. 822, 
57; B. 44 , 3011). 

Thiophenyl*a- and /^-naphthylamine, C3H4(SNH)CioH3, m.p. 138 
and 178®, from phenyl-a- and ^-naphthylamine with sulphur. Thio- 
a- and i^-dinaphthylamine, S(CioH6)2NH, m.p. 177® and 236®, from 
thio-a- and i^-dinaphthylamine with sulphur (A. 822, 44, 51). 

By oxidation with FeClg or bromine, thiophenylamine and 
its homologues, like phenoxazine, are converted into coloured 
ortho-quinoid so-called ** azothionium salts (with quadrivalent 

sulphur), which, like the azoxonium salts, 

nC 8H4/ \C4ri4/^ 

are substituted, on treatment with amines or water, in the para- 
position, with respect to the N-atom, by NHR or OH groups. 

As regards the structure of *the dyes of the thiazine series, the same 
remarks apply as those concerning the paroxazine dyes: the dye bases 
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can be regarded either as inner anhydrides of ortho-quinoid amino- 
or oxyphenazothionium hydroxides, or as derivatives of para-quinoid 
indophenols, indamines, etc. (compare A. 822 , 34) : 



V 1 

C.H4< VeHj.NR 

C.h/^ V,H, : 0 

Phenothiazone. 

C,Hy'’\c,H,:NR 

Phenothiazime. 


Lauth’s dye substances belong to the phenothiazimes (Bernthsen, 
A. 230 , 73; 251 , i). They result upon oxidizing ^-phenylenedi- 
amines in the presence of hydrogen sulphide. It is probable that 
indamines occur as intermediate products: 


2NHjCeH4NHj 



NH.CeHj 



NH. 


Another procedure which may be adopted in the preparation of 
these dyestuffs is based upon the fact that indamines and thiosulphuric 
acid yield thiosulphonic acids, which change to the leuco-bases of the 
thiazine dyestuffs upon boiling them with &lute acids. Therefore, the 
dyestuffs can be obtained by oxidizing a mixture of i molecule of 
^-diamine with i molecule of a monamine, which form the indamine, 
in the presence of a thiosulphate. Pheno-thiazones are produced 
when ^^-aminophenols are oxidized in the presence of hydrogen 
sulphide. 

Phenothiazime, CgH4(NS)CgH3NH, is obtained from 3-aminothio- 
diphenylamine by oxidation or by de-amination of thionine (see below). 
It reacts with amines in the cold, forming iV-alkylated thionines, 
NHRCeH3(NS)C„H3NH (C. 1900, II. 340; B. 83 , 3291). Pheno-thi- 
azime chloride or 3-amino-phenazo-thionium chloride (see above) can 
be diazotised in a strongly acid solution (A. 822 , 64). 

Phenylphenothiazime, CgH4(NS)CgH3(NCgH5), dark red flakes, 
m.p. 150°, from thiodiphenylamine by oxidation with FeClg in the 
presence of an aniline salt. Its chloride, 3-anilinophenazothionium 
chloride, yields, after further action of aniline, 2,6-dianilinophenazo- 
thionium chloride or diphenyl thionine chloride (A. 822 , 39). 

Aminophenothiazime, Thionine, Lauth's Violet, NH2.C3H3(NS)- 
CgHg : NH, is obtained from j^-phenylenediamine, and also from its 
leuco-base, diaminothiodiphenylamine, by oxidation. 

Isomeric with thionine is 4-aminophenothiazime, C0H4(NS)C3H3- 
(NH2)NH, obtained by oxidizing 2,4-dianunothiodiphenylamine 
(A. 322 , 57). 

Methylene Blue, T etramethylaminophenothiazimium chloride, 
(CH3)2N.C3H3(NS)C3H3: N(CH3)2C1 (Caro, 1877), results upon oxidizing 
2 molecules of dimethyl-^-phenylenediamine in HgS-solution, or i 
molecule of dimethyl-/>-phenylenediamine with i molecule of dimethyl 
aniline and thiosulphate. 

It dyes silk, or cotton mordanted with tannic acid, a beautiful 
fast blue. 
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Phenothiazone, C 5 H 4 {SN)CeH 30 , results upon oxidizing hydroxy- 
thiodiphenylamine, or from phenothiazime by boiling in soda solution. 
Pheno-a-naphthazothione, C 3 H 4 (NS)CioH 50 , m.p. 176°, from pheno* 
naphthazothionium sulphate on stan^ng in aqueous solution. 
Dinaphthazo-thione, CioH0(NS)CioH5O, m.p. 245°, from phenyldinaph- 
thiazime by the action of dilute mineral acids (A. 822 , 52). 

Ozyphenothiazone, Thionol, HO.C3H3(NS)C^H8 : 0 , is produced on 
boiling thionin with dilute acids or alkalies. 

Also from hydroquinone, ^-aminophenol, and sulphur, with 
subsequent oxidation. Hydroquinone, ^ - phenylene - diamine, and 
sulphur similarly give thionoline, NHgCgHgfNSjC^HgiO (C. 1899, II. 

548)- 

The para-thiazine class probably comprises the blue and black 
substantive cotton dyes which are chiefly produced by fusing ^-amino- 
and ^-nitro-phenols, nitro- and nitroxy-diphenylamines, and indo- 
phenols, with sulphur and sulphur alkalies at temperatures between 
140° and 200°. They are c^ed Sulphur Dyes.* They are high 
molecular, amorphous dyes, insoluble in acids and alkalies. But 
when treated with sodium sulphide they dissolve even in the cold, 
and are precipitated unchanged from such solutions by blowing air 
through them. This behaviour renders it possible to use them in the 
manner of vat dyes. The resulting dull colorations are very fast with 
regard to light and washing, and this quality can be increased by treat- 
ment with chromium or copper salts. The constitution of the sulphur 
dyes is not yet determined with certainty. At present they are regarded 
as di- or poly-sulphide derivatives of thiazines, which, on treatment 
with sodium sulphide, form easily oxidizable mercaptothiazines soluble 
in alkali. That they belong to the thiazine group has been proved 
directly in the case of one of them, Immedial Pure Blue ** (see 
below), by converting it into tetrabromodimethylaminophenothia- 
zone (B. 87 , 2617, 3032; see also B. 89 , 1016; D.R.P. 140964, 
178940). 

The first technically important sulphur dye, now obsolete, is F idal 
Black , from ^-aminophenol or />-amino-o-cresol (C. 1897, 11 . 747; 
1898, II. 1151). Among the exceedingly numerous sulphur dyes we 
may mention Sulphur Black (from 2,4-dinitrophenol), Immedial Black 
(from o,^-dinitro-^-hydroxydiphenylamine), and Immedial Pure Blue 
(from ^-hydroxy-j!>-dimethylamino^phenylamine). 

Another group of yellow and brown sulphur dyes, obtained chiefly 
by fusion of w-toluylene-diamine and related substances with sulphur 
or sulphur alkalies, probably belongs to the class of benzothiazoles. 


CH=:CH—N 
CH=CH— N 

P3rridazine, 

Orthodiazine. 


3. DIAZINES, 

CH=N CH 

CH=CH-~N 

Pyrimidine, 

Metadiazine. 


CH=N— CH 

CH=N— CH 
Pyrazine, 
Paiadiazine, 


* O. Lange, Die Schwefelfarbstoffe, ihre Herstellung und Verwendnng, ’ 

Leipzig, 1912. * 
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A. ORTHODIAZINES. 

I. Pyridazines or ortho-diazines axe formed: 

1. From 1,4-diketones with hydrazine hydrate; the dihydropyrid- 
azines formed at first pass into pyridazines by air or auto-oxidation 
(B. 86, 491) : 

CH,---C0C8H5 NH, CH=C(CeH5).NH CH = C(CeH5)-N 

+ . > . . > . 

CH,--COCHg NH. CH =C(CHg) .NH CH = C(CH8)^N 

2. From pyridazones (see below), with POCI3, chloropyridazines 
are obtained, which are reduced to pyridazines with HI and phos- 
phorus (B. 84 , 4227) : 

HC— CO— NH HC— CCI =N HC— CH =N 

> .. . > .. 

HC-CH=N HC— CH=N HC— CH=N 

3. Phthalazines and phenazones, the benzo- and dibenzo-deriva- 
tives of pyridazine, are oxidized by means of permanganate to 
pyridazine carboxylic acids (B. 86, 3373) : 

('CH=N COjH.C— CH=:N CgH^.N COjH.C— C(C02H) : N 

C,hJ . > .. . ; . .. > 

tCH=N COjH.C— CH=N CgH^.N COgH.C— CtCOgH) : N 

«... . (5) CH=CH— N (i) CH— CH=N 

Pyndazme.o-Z)ta««.,^^^ ch=ch-n (2) ch-ch=n' "'•P- > 

b.p. 208®, is formed (i) from nitro-succinaldehyde or from the 
fumar-dialdehyde resulting from- its decomposition, and hydrazine 
hydrate (C. 1903, I. 652); (2) from pyridazine-3-carboxylic acid; or 
(3) the tetra-carboxylic acid by splitting off the carboxyl groups ; (4) from 
pyxidazone by method 2 (B. 42 , 654). Pyridazine smells like pyridine, 
forms soluble salts with acids, and combines with AuClg, HgClg, etc. 

On treating the corresponding pyridazones by method 2 we obtain : 

3-Methyl-, 3-Phenyl-, 5,3-Methyl-phenyl-pyridazine, b.p. 214°, 
m.p. 103° (b.p. 332°, m.p. 95°). 3,6-Methylphenylpyridazme, m.p. 
103°, 3,6-Dipheiiylpyridazine, m.p. 222°, 3,4,6-Triphenylp3rridazine, 
m.p. 171®, from 1,4-diketones by method i (see above). 

3,6-Dimethylpyridazine, m.p. 32®, b.p. 215°, very hygroscopic, is 
formed from its dicarboxylic acid (B. 87 , 4362). 3-Methylp5pdazine 
condenses, like quinaldine, with benzaldehyde and phthalic acid anhy- 
dride. 

Psnddazine-3-carboxylic acid is obtained from 3-hydroxyphenylp3rri- 
dazine (method 2) by oxidation with permanganate (B. 82 , 395). 
6-Phenylpyridazine-3-carboxylic acid, m.p. 131°, from 3,6-methyl- 
phenylp5nridazine with dilute nitric acid (B. 86, 491). 3,6-Dimethyl- 
P 3 rridazine- 4 , 5 -dicarbozylic ester, m.p. 56°, from its dihydro-derivative 
with nitrous acid, Pyridazine-4,5-^carboxy]ic acid, m.p. 213® with 
dec., from phthalazine. Pjrridazinetetracarboxylic acid, from phena- 
zone (see above). 4-Phenylpyridazine-5,6-dicarboxylic acid, 4-phenyl- 
ohmolinic add, m.p. 221°, from 4-phenylcinnoline (see below). 
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Dihydro-pyridazines are obtained from 1,4-diketones, and hydrazines 
often with, or instead of, the expected iV-aminopyrroles (see method i 
for pyridazines). i-Phenyl-s-methyldihydropsnridazine, m.p. 197° with 
dec., from laevulinic acid aldehyde with phenylhydrazine (B. 81 , 
45). 3,4,6-Triphenyldiliydropyridazine, m.p. 187°, from desyl-aceto- 
phenone with hydrazine, passes, on heating, or treating with chromic 
acid, into the corresponding pyridazine. 1,3,4,6-Tetraphenyl-dihydro- 
pyridazine, C4H2(CgHfi)4N2, m.p. 149®, from desyl-acetophenone and 
phenylhydrazine, yields, on dry distillation, 1,3,4-triphenylpyrazole 
(A. 289 , 310). 

3,6-Dimethyldiliydropyridazinedicarbozylic ester, 

N=C(CH,).CHCO,CjH. . , 

<T n/r'xj N » IS foimcd from diaceto-succimc acid ester with 

hydrazine hydrate in alcoholic solution, and with a second molecule of 
hydrazine yields the cyclo-hydrazide of the acid (B, 36 , 497; 87 , 91). 

Keto-dihydro-pyridazines or pyridazones, and keto-tetrahydro- 
P 5 nidazines or pyridazinones, axe formed from 1,4-keto-carboxylic 
esters with hydrazine hydrate or mono-substituted hydrazines, and 
must therefore be regarded cis ring homologues of the p5nrazolones: 

CBr.CHO NH, CBr— CH=N CH,.COCH, NH, CH,C(CH,):N 

CBr.COOR'^NH, CBr— CO— NH’ CH,.C00 R ''’nH, ^ CH,— CO — NH 

The pyridazinones are easily oxidized to pyridazones by bromine. 
With POClj the p5nidazones give chloropyridazines, the chlorine atom 
of which is easily replaced. 

PyniazoMcs.— Pyridazone, C4H40Na, m.p. 104°, is formed from its 
carboxylic acid, obtained by the oxidation of pyridazinone-3-carboxylic 
acid (see below) with bromine (B. 42 , 657). Dibromo-psrridazone, m.p. 
224°, from mucobromic acid with hydrazin (see above). 

3-Methyl-pyridazone, m.p. 143°, 3-Phenyl*pyridazone, m.p. 202°, 
5,3-Meihyl-pbenyl-pyridazone, m.p. 190°, i-Phenyl-3-methyl-pyrid- 
azone, m.p. 82°, from the corresponding pyridazinones with bromine 
(B. 84 , 4227, etc.). 

Pyridazinone, C4HgON2, b.p. 170°, is formed by 
splitting off CO, from pyridazmone-3-carbozylic acid, C4H6ON2.COJH, 
m.p. 198°, the condensation product of hydrazine with a-keto-glutaric 
acid (B. 28 , R. 239; 42 , 655). 

Pyridazinone is readily decomposed by boiling alkalies, with the 
splitting off of hydrazine. 3:Methylpyiidazinone, melting at 94°, and 
3-Phenylpyridaziiione, melting at 149“, are prepared from laevulinic 
ester and benzoyl propionic ester. 3-PheiiyI-pyridazinone-5>carbozylic 
ester, melting at 156“, is obtained from benzoyltsosuccinic acid ester 
with hydrazine hydrate (B. 28 , R. 68) ; 5,3-methylphenylpyridazinone, 
m.p. 157°, from benzoyl *sobut3uic acid with hydrazine (B. 84 , 4230). 

i-Phenyl-3-methylpyridazinone, C4H4(CH8)ONjCgH5, melting at 
107° and boiling at 340°-350°. yields i-Phenyl-3-methylpyridazone, 

CH-CO N.C.H, 

CH— C(CH,)— Jr ’ °° treatment with PClg and ice-water. It 

contains two atoms less of hydrogen. It melts at 82®. Phenyl- 
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methylchlorpyridazone is formed at the same time, and can be 
converted by NaOCgHg into ethoxy -phenyl-methyUpyridazone. This 
on saponification becomes oxyphenylmethylpyridazone, which undergoes 
rearrangement into i-phenyl-3-methylpyrazole-5-carboxylic acid on 
being heated to 170® with hydrochloric acid (p. 83) : 


C(OH)— CO N. 

II 1 

CH C(CH3) = N 


COOH.C 


.C N(C,H,)s 

CH-— C(CH8) ' 


CH-~CO-— NH 

Maleic Acid Hydrazide, II I , melting above 250°, is 

CH-~CO— NH ^ ' 

diketotetrahydropyridazine, which is formed, together with the isomeric 
iV-amino-maleinimide, from maleic anhydride and hydrazine (B. 28 , 
R. 429). Diketohexahydropyridazines, or orthodiketopiperazines, are 
cyclic hydrazides of the succinic acid series, which are produced on 
heating the chlorides of these acids with the hydrazine hydrochlor- 

CHj-OO— N.CeHj 

ides: iV^-Phenylhezahydropyridazinedione, | I 

NH 

II. Benzorthodiazines, — There are two isomeric benzorthodiazines, 
depending upon whether the benzene ring attaches itself to the C-atom 
(3) and (4) or (4) and (3) of orthodiazine. The cinnolines and phth^* 
zincs correspond to these two isomerides: 


N 

Cinnoltne 


Phthalazinc* 


Cinnolines are formed by the action of nitrous acid upon o-amino- 
styrenes (B. 17 , 722; 42 , 1315) : 




.C(C,H,) ; CH, 




C(C.H,) : CH 


Similarly, hydroxycinnolinecarboxylic acid is obtained from 
o-phenylpropiolic acid diazonium chloride on heating with water: 


/teC.COaH 

^Ng(OH) 

XH=CH 


^C(0H)=C.C02H 


Cinnoline, CgHg/ | , melting at 39®, is a strong base. It is 

poisonous. Its iodomethylate melts at 168®. 

All the cinnoline derivatives known at present have been obtained 
from hydroxycinnolinecarboxylic acid, C0H4[C2N2(OH){COOH)], melt- 
ing at 260®, which is produced on digesting o-phenylpropiolic acid 
diazochloride with water: 


X^CXOOH 

CeH 4 < 

\n,(OH) 


^C(OH)— C.COOH 
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The. acid loses COg and becomes liydroxycinnoline» C8H5N2(OH), 
melting at 225®. PClg converts this into chlorocinnoline, CgHgNaCl, 
the chlorine atom of which may be easily replaced by OH, OCgHg, 
NHCgHg, etc.^ Iron filings and sulphuric acid reduce chlorocinnoline to 
dihydrocinnoline, C8H4(C2H4N2), melting at 88®, which mercuric oxide 
oxidizes to cinnoline (B. 26 , 2847; 30 , 521). 

4-Pheiiylcinnoline (see above), sulphur yellow crystals, m.p. 67°, 
is formed from o-amino-diphenyl ethylene with nitrous acid; KMn04 
oxidizes it to 4“phenyl-pyridazine-5,6-dicarboxylic acid (B. 42 , 1315). 
4-Methylciimolinecarboxylic acid, C02HCeH8[C2HN2(CH3)], yellow 
crystals, m.p. 230°, from o-amino-propenyl benzoic acid (B. 17 , 722). 

/CH=N 

Phthala2ane, melting at 91® and boiling at 316® 


(its hydrochloride melts at 231®), is produced when a hydrazine 
solution acts upon w-tetrachlor-, or, better, tetrabrom-o-xylene : 
.CHBr, H,N XH=N 

0*114/ + I > CeH4/ I . Also from chloro-phthalazine, 

X:HBr, H,N \:H=N ^ 

by reduction with phosphorus and HI (B. 30 , 3024; 36 , 3377)* 
Phthalazine and methyl iodide form an iodomethylate, C8H8N2 . ICH3, 
melting at 235® -240®, which silver oxide converts into N- 
methylphthalazone, and caustic potash into iV-methyl-phthalazone 

and dihydro-iV-methylphthalazme, 0*114/ I , which oxidizes 

\:h*~nch3 

very rapidly in the air to iV-methylphthalazone (see the allied 
rearrangements of the alkyl quinolinium iodides). Sodium amalgam 

reduces phthalazine to tetrahydrophthalazine, 0*114/ | , while 

^OHj ,NH 


with zinc dust and hydrochloric acid the product is o-xylylene 
diamine, CjH4(CH2NH^2 (B. 26 , 2210; 28 , 1830, 2210). Alkaline per- 
manganate solution oxidizes phthalazine to pyridazine-4,5-dicarboxylic 
acid (B. 86, 3378). Chloro-phthalazine, CgH4(C2HClN2), melting at 
113°, eis well as methyl-, propyl-, and t'sobntyl-chloroph thalazin e, 
melting at 130° and 67° (the third being an oil), result from the action 


of POCI3 upon phthaleizone and alkylic phthalazones. The reduction 
of these chlorides leads to derivatives of isoindole. Thus, chlorophth- 

alazine forms dihydro-isoindole, C,H4<^^»>NH; and methyl chloro- 


< CfOH W 

which pelds dihydro- 

methyWsoindole upon further reduction. The homologues behave 
similarly (B. 29 , 1434)* 

Careful reduction with P and HI, on the other hand, reduces the 
chloro-phthalazines only down to phthalazines (B, 30 , 3022; 32 , 2014). 

Methylphthalazine,c,H4<^"^^", m.p. 74“. like quinaldine, con- 
denses with phthalic acid anhydride, chloral, and benzaldehyde to 
(C8H8N,)C8H : C808C,H4, (C8H8N^CH,.CH(OH)CCl8, (C8HjN,)CH:- 
CHCgHj (B. 80 , 3033). Ethylphttialaldne, C8H5N2(C2Hj), m.p. 23°, 
h-p-is 190°* ethyl chloro-phthalazine. 
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Phenyl- and Benzyl-phthalazine, m.p. 142° and 82°, from the 
corresponding phthalazones (B. 88, 3918). 

iV-Phenyl-phthalazomum-chloride, 

is formed by the condensation of o-phthal-aldehyde with phenyl- 
hydrazine chloride. With alkalies it passes into AT-phenyl-i-hydroxy- 
dihydro-phthalaziney m.p. 129®, which, with HCl, regenerates phenyl- 
phthalazonium chloride (A. 847 , 114). 

Ketodihydrophthalazines, phthalazones, have been obtained from 
aromatic o-aldehydo- and ketone carboxylic acids by means of the 
hydrazines: 


.CHO HjN 

CeH4< + I 

XOOH HjN 

Phthalaldehydic Acid. 


XH=N 
-> CeH,/ I 

x:o=NH 

Phthalazone. 


Phthalazone, CgH^ONg, melting at 183° and boiling at 337°. com- 
bines with alcohohc potash to potassium-phthalazone, CgHgONgK. 
It can be obtained from phthalazone carboxylic acid, the condensation 
product of phthalazonic acid with hydrazine (B. 33 , 2808). Acetyl 
chloride converts it into ^-acetyUphthalazone, while methyl iodide 
converts it into phthalazine iodomethylate. 

C(CH3)=N 

C-Methyl phthalazone, I , melting at 220® and 

x:o NH 

boiling at 348®, is obtained from o-acetophenone carboxylic acid 
(B. 26, 524, 535). C-Ethyl, Propyl-, isoButyl-, and Benzyl phthal- 
azone melt €Lt 169®, 156°, 113®, and 152® (B. 29, 1434). 

The cyclic hydrazides of the o-phthalic acids are diketophthalazines. 
They correspond to the orthopiperazones, and can therefore be desig- 

< V^V^ X-l JLX 

CO NH* 

ing beyond 250®, results from the action of hydrazine upon phthalic 
ester, chloride, or anhydride (J. pr. Ch. [2], 52, 447; 64, 66). Phthalyl 
phenyl-hydrazine (II. 337) results when phthalyl phenyl-hydrazide is 
heated (B. 28, R. 429). 

III. Phenazone, (Dihenzopyrida- 
CH C ^ 

zine), is isomeric with phenazine. It consists of yellow needles, melting 
at 156°. When (72“dinitrodiphenyl is reduced electrolytically or with 
sodium amalgam and methyl alcohol, an intramolecular formation of 
the azo-group occurs: 


Intermediate products formed are phenazone dioxide and phena- 
zone monoxide; phenazone oxide (m.p. 139®) is also easily formed 
from 02-^^tro^phenyl with sodium sulphide. It is reduced to 
phenazone by stannous chloride (B. 87 , 24). Phenazone is also pro- 
duced by heating diphenyl-Og-dihydraizine with HCl to 150®. Reduction 
of phenazone with HCl and tin produces dihydrophenazone,Ci2H8(N2Hj^ 
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(B. 24 , 3083). Phenazone is a base, which combines with alkyl haloids 
(B. 87 , 25). The relations of phenazone to orthodiazine or pyridazine 
become evident from its oxidation to pyridazine tetracarboxylic acid 
by potassium permanganate. Tolazone, (C7H6)2N2, melting at 187°, 
is prepared from o-dinitroditolyl (B. 26 , 2239). 

3,6-Dimetliyl-phenazone, m.p. 188°; 3,6-Diammo-phenazone, m.p. 
265° (B. 87 , 23). 

Substances containing a combined pyridazine and triazole ring 
have been obtained by the condensation of iV-amino-triazole with 
1,3-diketones and ^-ketonic acid esters (B, 42 , 2594). 


B. META-DIAZINES. 


I. Pyrimidines , — Pyrimidines or meta-diazines are the analogues 
of the glyoxalines, and can, like these, be regarded as cyclic amidines. 
Among the pyramidines we must also reckon purine and its derivatives, 
containing a twin nucleus of pyrimidine and glyoxaline. The purine 
bodies, owing to their relations with uric acid and the ureides of the 
malonic acid series, were mostly dealt with in Vol. I. 

Pyrimidines are formed: (i) From carboxylic acid amidines with 
1,3-diketones (Pinner, B. 26 , 2125) : 


.NH 

+CH, 




,COCH, 


OCH, 


N-C(CH3) 

>CH. 

\n=C(CH3)/ 


Amidines with /?-aldehydic and i 9 -ketonic acid esters produce 
oxy-pyrimidines, and with cyanacetic acid ester aminohydroxyp3nimi- 
dines. Instead of the amidines, urea, thio-urea, and guanidine may be 
employed, giving dioxy-pyrimidines (uracils), amino-oxy- and diamino- 
oxy-pyrimidines, etc., some of which were described in Vol. I. as 
products of the purine group — e,g, : 


.NH 


+ CH, 


/ 




<■ 

.NH / 

NH.C< +CH/ 


COCHj 
COOCgHg 

CN 


-> CHgC/ 






NH, 


^CN 


-> NHoO 


%CH, 
>CH. 


'^N=C(OH) 


\N=C(NH3)/ 


The hydroxyp5n:imidines, with POCI3, produce chlorinated pyrimi- 
dines, which, on boiling with zinc dust and water, are easily reduced 
to pyrimidines. 

(2) Nitriles (cyanalkyls) produce amino-p3nimidines, so-called cyan- 
alkines, on heating with sodium or sodium alcoholate to 150°. The 
structure of the cyanalkines is proved by their transformation vrith 
nitrous acid into the hydroxypyrimidines produced by method i (B. 22 , 
R. 327; C. 1906, 1 . 941): 

:h, CH3C==N CCHj 

N=:C(NH,)— CH ^ N = C(OH)~CH 

Intermediate products occur in the formation of cyanalkines in the 
shape of imines of y?-ketonic acid nitriles — e.g,, CHgQ: NH).CH2CN 
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(see VoL I.), which combine with a third molecule of the nitrile to form 
imino-pyrimidines. The mixture of two alkyl cyanides with Na or 
Na alcoholate also yields cyanalkines. 

(a) (6)Ji) 

Pyrimidine, or ™‘P’ 

( 7 ) . (4) (3) 

b.p. 124®, a base of narcotic odour, soluble in water, precipitated by 
sublimate. It is formed from pyrimidine-a-carboxylic acid by dry 
distillation, and from tri- and tetra-chloro-pyrimidine by boiling with 
zinc dust and water (B. 33 , 3366 ; 34 , 4178) . Similarly, by reduction of 
chlorinated p5n:imidines, the following have been obtained: 

Alkylpyrimidines . — Methylpsrrimidines, a- b.p. 142°; /?- m.p. 30°, 
b.p. 152°; fjL- b.p. 138®. Dimethylpyrimidines, ap- m.p. 3^ b.p. 177°; 
ay- m.p. 25°, b.p. 159°; a/i- b.p. 146°; a-Methyl-/?-ethylpyrimidine, b.p. 
193°; a-Methyl-^-phenylpyrimidine, m.p. 22°, b.p. 279°; /?-Methyl^^- 
diethylpyrimidine {Cyanoconiine). b.p. 205°: a base acting like coniine 
(B. 22 , R. 328 ; 34 , 2825, 395^ ; 35 , 1575 ; 36 , 1915 ; 37 , 3638 ; 38 , 3394 ) ; 
ay-Dimethyl-^-phenylpyrimidine, m.p. 83°, b.p. 276®, from benzami- 
dine and acetylacetone (see p. 274). 

The methyl groups adjoining the N-atoms, as in the case of picoline, 
quinaldine, etc., may be condensed with benzaldehyde to P.[a]CH:- 
CHCgHg, P.[ay](CH rCHCeHs)^, etc. (B. 36 , 3383). The a-niethyl- 
pyrimidine, which results with special ease from methyl-uracil, is split 
up by reduction with Na and alcohol to a y-di ami no-butane (B. 36 , 

1924)- 

Carboxylic acids are produced from methyl-pyrimidines by 
oxidation with KMn04; carboxyls adjoining the N-atoms are easily 
detached. Pyrimidine-a-carboxylic acid is obtained from a-methyl- 
pyrimidine; P- and y-methylpyrimidine-a-carboxylic acids from aP- 
and ay-dimethylpyximidines together with the ay-dicarboxylic acid 
in the latter case (B. 34 , 2825, 3956). a)3-P3rrimidine-dicwboxylic 
acid is fo*5*med from quinazoline (benzo-pyrimidine) by oxidation with 
KMnO^, and on heating gives pyrimidine- /5-carboxylic acid (B. 37 , 3647)- 

Hydroxypyrimidines possess simultaneously a phenol and a basic 
character, and are also desmotropic with the keto-derivatives of hydro- 
genated pyrimidines. The desmotropy can be gener^ly expressed by 
the following formulae : 


/CH.N.CON /CO.N.CHN /CO.N.CHN /CO.N.CO 
'CH.CH.N ' ’ ^CH.CH.N ' ’ 'CH.CO.N ' VcH.CH.N 


K /C0.N.C0\„ 
’ (cH.CO.N 


These formulae are to indicate that the H-atoms can be linked to 
the O, N, or C-atoms. Similar desmotropy is also shown by the amino- 
and the aminohydroxypyrimidines. This group must therefore be taken 
to include the ureides, thioureides, and guanides of the ^-ketonic acids 
(uracils, etc.), and of the malonic acid series (barbituric acid, etc.). 

M onoxy - pyrimidines , — a-E^droxypyrimidine, a-pyrimidone, m.p. 
165°, from a|U-dichloro-pyrimidine under the action of concentrated HI 
and red phosphorus (C. 1907, II. 1529) ^-Metl^l-a-hydroxypyrimi- 
dine, m.p. 212®, from acetamidine and formyl-acetic ester (B. 37 , 3639). 
^-Phenyl^o-bc^oxypyrimidine, m.p. 208®, b.p.30 26o®-263®, from its 
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carboxylic acid, the esters of which (m.p. 214°) result from benzamidine 
or benzamidoxime with dicarboxy-glutaconic acid ester (B. 80 , 1488, 
1564). ^a-Dimethyl-y-hydroxypynmidine, m.p. 192°, from aceto-acetic 
ester and acetamidine, or from cyano-methine (see below) and HNOg. 
ay-Dimethyl-^u-hydroxypyrimidme, m.p. 198°, from acetyl-acetone and 
urea (B. 84,-3956; 48 , 1126). a,/i-Metliyl-phenyl-y-hydroxyp3rrimidine, 
m.p. 216® (B. 85 , 1575). 

Dihydroxypyrimidines or uracils from jff-ketonic acid esters and urea, 
as well as amino-oxyp5^midines with HNOg, or by heating with HCl, 
or from hydro-uracils with bromine (see Vol. I. : Uracile, methyl-uracile) . 
Also a,i 5 -Dimethyl- 7,iu-dihydroxypyrimidine, m.p. 290®, a,i8-Methyl- 
ethyl- 7 ,^-dihy^oz 3 Tyrimidine (B. 86, 1915), etc. 

Trioxy-pyrimidines are represented by barbituric acid or malonyl 
urea. 

Amino -pyrimidines are found as cyanalkines : Cyano-methine, 
/ia-dimethyl-y-aminopyrimidine, m.p. 180®. Cyanethine, /^a-diethyl-i^- 
methyl-y-aniinopyrimidine, m.p. 189®. Cyanobenzyline, ^ua-dibenzyl- 
^-phenyl-y-aminopyrimidine, m.p. 106® (B. 29 , R. 787). 

2- and 6-Amino-pyrimidine and 2,6-diamino-pyrimidine are obtained 
by reducing their halogen substitution products (B. 84 , 3362 ; 86, 2227). 

a>^/4-Triamino-pyrimidine, m.p. 246®, from a>^/^-trichloro-pyrimidille 
with NH3 at 200®, and from guanidine and malononitrile by means of 
sodium ethylate (B. 87 , 4544)- With HNOg it gives nitroso-amino- 
pyrimidine, which may be reduced to /ua^^y-tetramino-pyrimidine. 
a^y-Triamino- pyrimidine, heated with formic acid, yields adenine 
(Vol. I.). It is formed by oxidation with HgOg from a)9y-triamino-/i- 
thiopsrrimidine, and^ the latter from ay-diamino-zi-thiopyrimidine, 
which itself is obtained synthetically from thiourea and malonitrile. 
Sinulj^ly, thiourea and cyanacetic ester give ay-aminohydroxy-/i-thio- 
P3rrimi^e or a^-diamino-y-oxy-yu-thiop^midine, which, by condensa- 
tion with formic acid and oxidative rejection of the SH group, gives 
hypoxanthine (Vol. I.) (A. 881 , 64). • 

Aminohy dr oxy pyrimidines are produced: (i) From / 5 -ketonic acid 
esters with guamdine-^.g., a) 5 -dimethyl- and a) 3 -methylet]^l->^-hydTOxy- 
ju-axninopyrimidine from guanidine with methyl- and with ethyl aceto- 
acetic ester respectively (B. 34 , 2825; 86, 1915). (2) From amidines 
with cyanacetic ester and sodium ethylate — e.g., )u-methyl- and /i- 
phenyl-a-hydroxy-y-aminopyrinudine (B. 87 , 2267; C. 1902, II. 1229). 

a-Amino-^'/i-dihydroxypsrrimidine, by condensation of cyanacetyl 
ureawth alkali (B. 41 , 522). a)?-Diamino-y/«-dihydroxy- and /?-amino- 
ay^-trihydroxypyrimidine (uramile) are used for building up urea 
(Vol. I.). 

Chloro-pyrimidines are formed by the action of POCI3 upon the oxy- 
pyrimidines, and are important intermediate products, since the Cl- 
atoms are easily replaced by NHg, OR, SH, or H. 

iu-Ohtoro-ay-dimethy^Ipyi^di^ m.p. 38®, b.p. 223®; y-chloro-a/i- 
dimethyl- and -a/^-methylphenylpyrimidine (B. 34 , 3956 ; 86, 1 575) . y/t- 
Dichloro-a-methyl-, a^-dimethyl- and a/ 9 -methyleti^l-pyrimidine, m.p. 
47®, b.p. 219®; m.p. 71®; m.p. 39® respectively (B. 84 , 2825; 86, 1915). 
ay/i-Trichloro-pyrimidine» m.p. .21®, b.p. 213®, from barbituric acid 
(B. 87 , 3657); a^y^-tetra-cUoi^pyiimidine, m.p. 70®, from dialuric 
acid (B. 84 , 4176) ; with NH,, trichloropyrimidine, according to the 
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temperature, gives aminodichloropyrimidine, diaminochloropyrimi- 
dine, or triaminopyrimidine (see above). /£-Phenyl-i?-cUoro-pyrimi- 
dine, m.p. 96®, and /i-phenyl-i3-bromo-pyrimidine, m.p. 104°, are ob- 
tained from their carboxylic acids, resulting from muco-chloric and 
muco-bromic acid with benzamidine (B. 35 , 3167). 

Hydro-pyrimidines, — ^Tetrahydro-pyrimidines are formed from 1,3- 
diamines with carboxylic acids or from 1,3-dibromides with carboxylic 
amidines. 

iu-Methyl - tetrahydro - pyrimidine, "'I'- 73”. 

b.p.2o I20®-I26®, from trimethylene diamine with acetic acid, ay/i- 
Trimethyl tetrahydro-pyrimidine,cxs-fonnm.p. 73°, ^mws-formm.p. 102®, 
from the two forms of ay-diamino-butane with acetic acid (B. 32 , 1191; 
36 , 334) . Af-Pbonyltetrahydro-pyrimidine from trimethylene bromide aind 
benzamidine (B. 26 , 2122). /i-Phenyl-j^-ketotetrahydropyrimidine, m.p. 
91®, from diamino-acetone and benzoyl-chloride (B. 25 , 1564; 27 , 277). 

a, y, y - Trimethyl - /i - ketotetrahydropyrimidine, 

m.p. 194®, from the urea derivative of diacetoneamine, NH2- 
C0NHC(CH3)2.CH2C0CH3 (B. 32 , 3156). 

A/^-Diphenyl-hexahydro-pyrimidine, CH2N2(CeH5)2(CH2)3, m.p. 87®, 
from trimethylene-dianiline with formaldehyde (B. 32 , 2253). 

The desmotropic forms of mono-, di-, and trioxy-pyrimidines, 
amino - pyrimidine, and amino-oxy-pyrimidine are keto- and amino- 
derivatives of di-, tetra-, and hexahydro-pyrimidines. 

Purine and its derivatives contain, as already mentioned, a twin 
ring of pyrimidine and glyoxaline. The purines have mostly been 
built up out of a/ 5 -diamino- or oxy-amino-pyrimidines (see above). 

A similar hetero-twin ring is contained in the so-called alloxazines 
(B. 32 , 1650, etc.), resulting from alloxan and o-phenylene diamines 
(B. 32 , 1650, etc.) : 

N=CH-C-N=. ^ N^O-C=N. 

CH=N— C— NH/ CO— NH— C=N/ * ‘ 

Purine. Alloxazine. 

Twin-ring combinations of pyrimidine with syw-triazole and tetra- 
zole have been obtained by the condensation of C-amino- triazole and 
C-aminotetrazole with 1,3-diketones or i 3 -ketone carboxylic esters 

42 , 4429, 4638) : 

CHj . c— —N CH = ^ CHs . €=N CH = Nvv 

CH : C(CH,) .N— CH/^ CH : C(CH,) .N N/^* 

Dimethyl- triazo-pyrimidine. Dimethyl -tetrazoto-pyrimidine. 

II. Quinazolines. — ^The benzometadiazines or benzopyrimidines are 
the quinazolines, sometimes cdl\e6.phenomiazines. They are metameric, 
on the one hand, with the phthalazines and the cinnolines, and, upon the 
other, with the quinoxalines. They may also be viewed as derivatives 
of the quinolines or «c?quinolines by the substitution of an azo-ring: 
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Quinazolines axe produced when the acidyl compounds of o-amino- 
benzaldehyde or of o-amino-benzoketones are treated with alcoholic 
ammonia (B. 28 , 279) : 




€HO 


^NH.COCHg 

0- Ace tamidobenzaldehyde. 


+ NH3 



a-Methyl quinazoline. 


Quinazolines are also produced from the dihydroquinazolines by 
oxidation with potassium ferricyanide (B. 86, 810). 

The quinazolines are stable tertiary bases which distil without decom- 
position. They take up alkyl iodides. Sodium and alcohol reduce them 
to dihydroquinazohnes (B. 26, 1385) . Chromic acid in glacial acetic acid 
oxidizes the quinazolines, in which the CH-group adj acent to the benzene 
nucleus is free, to ketodihydroquinazohnes (or oxyquinazolines, etc.). 
rcH=N 

Quinazoline, ^ m.p. 48°, b.p. 243°, from dihydro- 

quinazoline with potassium ferricyanide, and from the condensation 
product of o-nitro-benzaldehyde with formamide by reduction with 
zinc dust and acetic acid (C. 1906, II. 1372). It combines with methyl 
iodide ; the iodo-methylate with KHO gives AT-methyl-quinazolinium 
hydroxide, C8H7N2(CH3)(OH), m.p. 164°, which, on distillation with 
KHO, is split up into formic acid and o-amino-benzaldehyde-methylimine, 
NH 2 C 8 H 4 CH : NCH 3 (B. 37, 3650). KMn04 mainly oxidizes quinazoline 
to pyrimidine-^, ^-dicarboxylic acid (B. 37, 3646). 

a-Methylquinazoline, C8H5(CH3)N2, melts at 35® and boils at 238®; 
from o-acetamino-benzaldehyde or a-methyl-dihydro-quinazoline (B. 36 , 
810). a,/ 9 -Dimethylguinazoline is an oil boiling at 249®. It is formed 
when ammonia acts upon o-acetaminoacetophenone. a-Phenyl-quin- 
azoline, CfiH5(C3H5)N2, melting at loi® and boiling above 300®, results 
when ammonia acts upon o-benzoylaminobenzaldehyde, as well as from 
o-aminobenzyl-benzamide instead of the expected dihydro-derivative. 
o-Methyl-/?-phenylquinazoline, C8H4(CH3)(C3H5)N2, melts at 48®. It 
is obtained from o-acetamino-benzophenone. Chromic acid oxidizes 
it to i^-phenyl-quinazoline-a-carboxylic acid. 

Keto-hydro-quinazolines and PCI5 yield chloro-quinazolines. a- and 
i?-Chloro-*quinazolines, melting at 108® and 96®, are obtained from a- 
and iS-quinazolones. a-Chloro-/?-phenylqainazoline, melting at 113®, 
is made from phenyl-a-quinazolone (B. 29 , 1310). a, jS-Dichlord- 
qoinazoline, melting at 115®, is obtained from benzoylene urea. 

Dihydro-quinazolines, containing the same atomic grouping, 

— 

3-5 the anhydro-bases of the o-phenylenediamines, the 

benziminazoles, are to be regarded as the ring homologues of the latter 
— as anhydro-bases of the o-aminobenzylamines. They result by the 
elimination of water from the acidyl compounds of o-aminobenzyl- 
amine and its substitution products (B. 24 , 3096; 26 , 3037; 27 ,R. 74 ; 
29 , R. 1131; 37 , 3644): 


COR 


CeH4 


CH.^; 




■N= 


NH 

I 

-CR 
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The reaction proceeds the same if the acidyl group replaces the 
aromatic NHg residue. Further, the o-amino-benzyl-acidylamines 
can rearrange themselves to o-acidylamino-benzylamines (B. 26 , 1891, 

374 )* The same anhydro-bases may also be obtained by reducing 
the corresponding o-nitro-benzylamine compounds. 

The dihydro-quinazolines are rather strong bases, forming stable 
Scdts. Free imine hydrogen in them is readily replaced by alkyls. 
Like the quinazolines, they yield keto-dihydro-quinazolines upon oxi- 
dation. They decompose, upon distillation with zinc-dust. Sodium 
and alcohol reduce them to tetrahydro-quinazolines. It may be noted 
that three isomeric, hydrogenized dihydro-compounds are possible 
from each C-alkylquinazoline : 


yCH, 

I- 


-NH 

i: 


R 


II. 


/CH=N 

, II , III. CeH,< I , 
NH—CR \NH— CHR 


which, adopting the nomenclature of the hydrobenzenes, might be 
distinguished by the prefixes and A3. Of the dihydro-quinazo- 

lines, only Ai-dihydro-quinazoline is known. 

A^-Dihydio-qumazoline, CeH4<( I , melting at 127°, results 

\n— CH 

from the reduction of o-nitrobenzyl formamide (B. 24 , 3097); from 
heating o-benzylene diamine with formic acid (B. 37, 3645); and from 
the reduction of a- and ^-chloro-quinazoline and a/?-dichloro-quinazoline 
with glacial acetic HI acid (B. 38, 3559 ). A^-MethyldihydroquinazoIinB. 
m.p. 92®, b.p. 309°, from o-amino-benzyl-methylamine with formic acid. 

iV(3)-Phenyldihydroquinazoline, C8H7(CeH5)N2, melting at 95°, is 
prepared from o-nitrobenzyl formanilide. Under the name of orexin 
it has been recommended as a stomachic. 

a-Methyldihydroquinazoline, C8H7(CH3)N2, is obtained from 0- 
aminobenzylacetamide. /^-Phenyldihydroquinazoline, melting at 166°, 
is produced by reducing a-chloro-/?-phenylquinazoline (B. 29 , 1310). 

p{ 4 y Keto-dihydro-quinazolines, p-quinazolones, are formed, just like 
the dihydro-quinazolines, from the acidyl derivatives of o-aminobenz- 
amide: 




€0— NHo 


.CO — NH 


or I 

\NH.COCHa ^NHg O 


OCH. 


->CeHa. 




CO- 


‘\n= 


-NH 

^C.CHg 


Analogous products are obtained on heating acidyl derivatives 
of anthranilic ester with ammonia or with primary amines, or from 
anthranilic acid and the amides of fatty acids (C. 1903, I. 1270; 1911, 
I. 561; B. 27 , R. 516; 28 , R. 783). i 5 -Keto-dihydro-quinazolines, as 
mentioned, are produced, in addition to these synthetic methods, by 
oxidizing quinazolines and dihydro-quinazolines. 

a[ 2 )-Keto-dihydro-quinazolines, a-quinazolones, are produced when 
o-amino-benzaldehydes and -benzene ketones are heated with urea 
B. 29 , 1300) : 


.CHO NHj 
C,H,< + I 

\NH, CO— NHa 


XH=N 
-> C.H,< I 

^NH— CO 
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The quinazolones possess both feeble phenol and basic characters, 
hence can also be regarded as hydroxyquinazolines. They combine 
with alkyl iodides to iV-alkyl derivatives of the keto-form. The 
isomeric alkoxyquinazoUnes are obtained from the chloroquinazolines, 
/?-Eetodil^d^aiiinazoline, p hyiroxyquinazoline, CgHgONg, melt- 
ing at 214®, is produced from anthranilic acid and formamide (J. pr. 
Ch. [2], 43 , 215; 61 , 564). Methyl iodide converts it into iV-methyl- 
ketodihydroaiimazoline, CgHgONg.CHg, melting at 71®. 

a-Methyl-i^-ketodihydroquinazoline, melting at 232®, is obtained 
from o-acetaminobenzamide or o-aminobenzoylacetamide (see above), 
and also in the oxidation of a-methylquinazoline (B, 28 , 279). a- 
Phenyl-z^-ketodibydroguinazoline, C8H5(CeH5)N02, melting at 236®, is 
made from phenylquinazoline or o-benzoylaminobenzamide. iV-Phenyl- 
jS-ketodihydroquinazoline, melting at 139®, is obtained by oxidizing 
iV-phenyldihydro-quinazoline (B. 24 , 3055; see also B. 28 , 279; C. 
1911, I. 326; C. 1906, II. 1124; C. 1899, 1 . 847). 

a-Ketodihydroquinazoline, a-Quinazolone, is formed from o-amino- 
benzaldehyde and urea, as well as by oxidizing benzylene-y-thiourea 
with BalMnOJg. /^-Phenyl-a-ketodihydroquinazoline, melting at 251®, 
is prepared from o-aminobenzophenone and urea (B. 29 , 1310). 

/$-Ketodihydroquinazoline-a-carboxylic acid, m.p. 230®, by trans- 
position of cyanoxanilic acid, or action of alcoholic NHg upon ethoxalyl- 
anthranil. Its nitrile, dicyanamino-benzoyl, by the action of cyanogen 
upon aqueous anthranilic acid (B. 42 , 371:3; C. 1910, I. 748). 

Tetrahydro-quinazolines are produced by the reduction of quinazo- 
lines, dihydro-quinazolines, and thio-tetratiydro-quinazolines. They 
also result in the condensation of o-aminobenzylamines with aldehydes 
(J. pr. Ch. [2], 53 , 414; 65 , 356). They may be readily decomposed 
into benzene ortho-derivatives. 

.CHj— NH 

Tetrahydroqoinazoline, C-H4< i , is amorphous, and results 

CH, 

from the interaction of o-aminobenzylamine and formaldehyde, or 
from dihydro-quinazoline by reduction with Na amalgam (B. 36 , 81 1), 
A^(3)-Phenyltetraliydroaumazolme, CeH4(C2H6N . C^Hg), melting at 119®, 
is derived from o-aminobenzylaniline and formaldehyde, also from 
phenyldihydro- and phenyl thiotetrahydro-quinazoline (B. 26 , 2858). 
a-Phenyltetrahydroquinazoline melts at 100® (B. 26 , 3033). See B. 29 , 
1308, for / 9 -Phenyltetrahydroaainazoline. iV-Dibenzoyl-a,)?-dimetbyl 
tetrahydroqoinazoline, CsHg(CH3)2N2{COCeHg)2, melts at 155® (B. 26 , 

1385)- 

a-Keto- and thio 4 etrahydro-quinazolines correspond to the cyclic 
phenylene ureas and -thioureas. They are, like these, produced when 
COCI2 or CSg acts upon o-amino-benzylamines, or by the exit of NH3 
or amine from the urea derivatives of the o-aminobenzylamines (B. 26 , 
2856; 27 , R. 74, etc.): 




CH,— NHC,H, 
NH— CO.NHCeH, 


/CH,— NCgH, 

lx»NHC,Hr 


/CHr~N.C,H, 

• (+ NH,C,H,) 


\NH— CO 
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Diketo 4 etahydro-quinazolines are similarly produced from the 0- 
amino-benzamides by means of COClg, ClCOgR, etc., or from urea 
derivatives of o-amino-benzamide or of the anthranilic acids; 

CONHa /CO— -NH 

-fCOCla >CeH*< | 

NH, \NH--CO 

Keto- and thio-tetrahydro-quinazolines are indifferent bodies. 
Mention has already been made of their formation from benzometoxa- 
zine derivatives, the imino- and thio-cumazones, by heating them with 
aromatic amines. Oxidants convert them into diketo-tetrahydro-quin- 
azolines, which also result from the oxidation of imino-cumazones (B. 27 , 
2420). The diketo-tetrahydro-quinazolines possess acid properties and 
dissolve only in alkalies. PCI5 converts them into dichloro-quinazoUnes, 

iV(3)-Phenyl-a-ketotetrahydroaumazoline, CgHy.ONg.CeHg, melts 
at 189° (B. 27 , 74). i^-Phenyl-a-ketotetrahydroQiuinazoline, melting at 
193°, is obtained from (?-aminobenzohydrol and urea, as well as from 
the corresponding phenylthiotetrahydroquinazoline. The latter is 
brominated, and the bromdihydrophenylquinazoline is then converted 
by soda into ketoquinazoline (B. 29 , 1307). 

a-Thiotetrahydroguinazoline, CgHgSNg, melts at 211®. AT-Phenyl-a- 
thiotetrahydroguinazoline, C8H7SN2.CgH5, melts at 260° (B. 27 , 2432). 
/J-Phenyl-a-thiotetrahydroguinazolhie, melting at 230®, is obtained from 
o-aminobenzohydrol and hyd»osulphocyanic acid (B. 29 , 1305). 

Diketotetrahydroquinazoline, Benzoyleneurea, CQ'ii^{C 202 ^ 2 ^ 2 ) k 
melts above 360° and sublimes. A^-Phenyldiketotetrahydroguinazo- 
line, CgH4(C202NHC6H6), melts at 272® (B. 27 , 974, 2410, R. 392; 
compare also B. 80 , 1682). 

a-Thio-i?-ketotetrahydroquinazoline, CftH4(C20SN2H2), melting at 
284®, is prepared from anthranilic ester and hydrosulphocyanic acid 
(B. 80 , 1098; C. 1897, I. 592). 

A constitution analogous to that of quinazoline is possessed by the 
so-called copazoline, which contains the pyridine ring instead of the 
benzo-ring. Derivatives of copazoline are formed from jS-amino-iso- 
nicotinic acid, which yields hydroxycopazoline with formamide and 

dihydroxycopazoline with urea: 

CO . NH 
NH.io 

With PCI5, oxy-copazohne gives chlorocopazoline, C5H3N(C2N2HC1), 
m.p. 112®, which is reduced by HI to dihydrooopazoline, C5H3N(C2N2H4), 
m.p. 145® (B. 85 , 2831). 

Compounds due to the attachment of a pyrimidine ring at the peri ” 
position of the naphthalene ring are caUed perimidines. They corre- 
spond to the benziminazoles, and, like these, are formed by the conden- 
sation of 1,8-naphthylene diamine with carboxylic acids (A. 865 , 53) : 



C5H3NI 


fMCOOH NH, 


rCO.NH 


+ I - C,H,N4 I 
UfflNH, COH tN=C: 


.C5H,N1 
H (NH, 


rCOOH NH, 


I “^CjHjN 

CONH, 
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Perimidine forms green crystals of m.p. about 220®. Similar com- 
pounds of the anthracene series have been obtained from a-amino- 
anthraquinone by transposition with urethane, formamide, etc. 


(7)C-N--C(/?) 

C. PARADIAZINES, | | . 

(5)C-~N-~C(a) 

I. Paradiazines are the P3rrazines» or piazines, which can be regarded 
as pyridines, the methine group of which is substituted in the y-position 
by N. It has, however, been suggested that there is a para-union ” 
of the two N-atoms in the pyrazines, agreeing with the formula 

Pyrazines are formed (i) by condensing two molecules of a-amino- 
aldehydes and a-aminoketones. In this case there is a condensation 
of two molecules with expulsion of water, forming dihydro-pyrazines, 
which are oxidized in air to pyrazines (compare B. 41 , 1128) : 


-.H.6 C.H,.C-=N-€H, CeH^.C 

I I — ► II 

CH,— N =C . CeHj CH— N 


N=CH 


C.H, 


On account of their relations with a-amino-aldehydes and ketones, 
the pyrazines are also called ** aldines ** or ketines.'’ 

Instead of isolating the amino-ketones, the solution of them obtained 
in the reduction of isonitroso-ketones can be distilled with the addition 
of HgClo as an oxidizing agent (B. 26, 1832, 2207). 

(2) The synthesis of pyrazines from a-chloro- or bromoketo-com- 
pounds and ammonia also depends upon the intermediate formation 
of a-aminoketones. Thus, i 5 -bromlsevulinic acid and ammonia yield 
tetramethyl-pyrazine, with the evolution of carbon dioxide: 

CH3.CO . CH3.C~N--C— CH3 

* I II I II 

COOH . CH* . CHBr CH, . C— N-~C— CH, 

(3) Pyrazine-o-dicarboxylic acids have also been obtained by oxida- 
tive disintegration of quinoxaline and its homologues by means of 
KMnOi (B. 40 , 4850): 

fN=CH CO.H.C— N=CH 

C,H4{ . > 

In=ch co*h.c— N=CH 

Pyrazines occur also in the fermentation products of sugar. Thus, 
a,y-dimethyl- and trimethyl-pyrazine have been isolated from fusel oil. 
P5rrazines also result in the action of ammonia upon grape-sugar. 
In this instance the products are pyrazine, methyl-, and dimethyl 
P5nrazines (B. 80 , 224; J. pr. Ch. [2], 64 , 481). 

The pyrazines are feeble bases, which give a neutral reaction with 
litmus. They form readily dissociated salts with acids. Like the 
pyridines, they form characteristic compounds with metallic salts — e,g,, 
mercuric chloride, auric chloride, etc. 
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Sodium reduces the pyrazines to piperazines orhexahydropyr^ines 
corresponding to the piperidines. Potassium permanganate oxidizes 
alkylic pyrazines to pyrazine carboxylic acids, which part with carbon 
dioxide very readily. 

CH— N— CH CH-N— CH . ^ ^ 

Pyrazine, II | y or | II , melting at 55 and boiling 

CH— N— CH CH=N— CH 

at 115° (B. 27 , R. 396), is a substance smelling Uke heliotrope 
and subliming at the ordinary temperature. It is produced when 
aminoacetaldehyde or aminoacetal (I. 339) is distilled with a sublimate 
solution, also by eliminating carbon dioxide from the pyrazine car- 
boxylic acids, and upon distilling piperazine with zinc-dust (B. 26 , 
R. 441). 

Methylpsrrazine, C4H3(CH3)N2, boiling at 135®, is obtained from its 
carboxylic acid (B. 28 , R. 551), and constitutes the chief constituent 
of the bases produced in the action of ammonia upon grape-sugar. 
a/5-Dimethylpyrazine, from diacetyl and ethylene diamine, and from 
its dicarboxylic acid (see below) (B. 40 , 4855). a, y-Dimethylp 3 rrazine, 
Ketine, C4H2(CH3)2N2, is an oil boiling at 153°. It is formed in the 
reduction of tsonitrosoacetone, and, together with pyridine bases and 
other alkylic pyrazines — e.g,, a,y,6-methyldiethylpyrazme, b.p. 179® 
(B. 24 , 4105; 26 , R. 442) — upon distilling glycerol with ammonium 
salts. 

a,S-Dimethylpyrazine melts at 48® and boils at 155® (J. pr. Ch. 
[2], 54, 492). Trimethylpyrazine, boiling at 172®, is produced on heating 
the bromomethylate of a, y-dimethylpyrazine (B. 29 , R. 980). Tetra- 
methylpyrazine, nielts at 86® (75®) and boils at 

190®. It is produced when ammonia acts upon jS-bromolaevulinic acid 
(L 423), or by reducing / 3 -isonitroso-laevulinic acid (B. 25 , 1723). 

The methyl-pyrazines, like picoline and quinaldine, can condense 
with benzaldehyde or chloral with expulsion of water — e.g., (C4H2N2)- 
[ay](CH : CHCeH 3)2 (B. 38 , 3724). 

a,y-Diphenylpyrazine, 04(03115) 2H2N2, melting at 196 , results from 
to-amino- acetophenone, and from iV-dibenzyldihydro-a, y-diphenyl- 

pyrazine,C7H7N<^^«^(f|^^^^>NC7H7, by the loss of toluene (B. 27 , 

R. 135). The isomeric a,5-diphenylpyTazine, melting at 89®, is similarly 
formed from iV-benzyl-dihydro-a,6-diphenylpyrazine (see below) by 
the splitting off of toluene, a, y-Diphenyl-dimethylpyrazine, 04(03115)2- 
(0H3)2N2, melting at 126®, is prepared from isonitroso-phenylacetone 
(B. 29 , R. 548), and from its dihydro-compotmds (B. 41 , 1150). 

Tetraphenyip 3 rrazine, Tetraphenylaldine, 04(03115)4^2, melting at 
246®, is made by reducing the benzil monoximes or dioximes (B. 27 , 

^^ 3 )- . . . o 

Fsrrazine monocarbozylic acid, melting with decomposition at 230 , 

pyrazine ay-dicarboxylic acid, 04H2(OOOH)2N2( + 2HaO), melting at 
256®, and pyrazine tetracarbozylic acid, 04(OOOH)4N2, melting at 205®, 
etc., result upon oxidizing the methylated pyrazines with potassium 
permanganate. I^razine-a/?-dicarbwlic acid, m.p. 193® with dec., 
and dimethylp 3 rrazine-oii^-dicarboxylic add, m.p. 200° with dec., from 
quinoxaline and dimethyl-quinoxaline respectively by oxidation (B. 40, 
4850). Consult B. 26 , R. 442, for other pyrazine carboxylic acids. 
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Dihydro-pyrazines, containing two imine groups, are prepared, 
together with the isomeric indoles, in the action of anilines upon a- 
alkylaminoketone derivatives, RHNCHg.CO — ^ or from a-brom- 
ketones and primary amines. 

iV-Diphenyl sulphonedihydropyrazine, CeH^sOaN < 
melting at 163®, is obtained from benzenesulphaminoacetal (B. 26 , 
98) . iV-Diphenyl-dihydro-a, y-diphenylpyraasine, C4H2(CeH5) 2(N . C^Hg) 2 , 
melting at 181®, is formed from aniline and phenacyl bromide (p. 248). 
Different dihydro-pyrazine derivatives, like iV-dibenzyl-a,y-diphenyl- 
dihydropyrazine, melting at 163®, iV-benzyl-a,6-diphenyl-dUiydropyra- 
zine, etc., are produced by the condensation of amines and phenacyl 
bromide (B. 27 , R. 134). 

ay-Dihydro-pyrazines are the primary condensation products of the 
a-amino-aldehydes and a-amino-ketones. On heating with mineral 
acids they are spht up to form the original bodies. Oxidation, even in 
air only, converts them into the corresponding pyrazines (B. 41 , 1128). 

a,y-Diphenyl-j5,6-dihydropyrazine, yellow 

flakes, m.p. 116®, from w-aminoacetophenone. ay-Diphenyl-i^S- 
dimethyl-i^S-dibydropyrazine (2), from a-amino-propriophenone (i), is 
split up by hydrolysis with HCl principally into the hydrochloride of 
a-amino-a-phenylacetone (3), which, precipitated from its salt by alka- 
lies, condenses into a,y-diphenyl-iS,6-dimethyl-a,y-dihydropyrazme (4) : 

(I) (2) (3) (4) 

C^Hj.CO CeHg.C :N.CH.CH3 CeHj.CH.NH, CeHB.CH.NtC.CHa 

I 1 I I I ! 

CHg.CH.NHj CHsXH.NiC.CflHg CH3CO CH3.C : N . CH.CeHj 

On oxidation, both isomeric dihydro-pyrazines form the same di- 
phenyl-dimethyl-pyrazine (see above). 

a^-Dihydro-pyrazines are formed from 1,2-diketones with ethylene 
diamine (B. 22 , 346 ; 26 , R. 1009) : 

CH3—NH3 COC3H5 ^ CH3--N=C.CoHj 

CHj— NHg COCeHj ^ CH,— N=d.CeH5 

o,/5-I)iphenyl-y,6“dihydro*pyrazine. 

XT XT m . j . CH,— N(CeH3)-~CH 

iV,iV,a-Tnphenyl-tetrahydro-pyrazme, cH3~N(C3H3)-~cCeH3' P ' 

131°, is formed similarly from ethylene diphenyl diamine with phenacyl 
bromide (B. 26 , R. 93), and the isomeric iVa^^-triphenyl tebrahydro- 
pyrazine from ethylene -phenyl-diamine and benzoin (B. 81 , 1582); 
compare also the condensation of ethylene-diamine with ketipinic 
acid ester (C. 1900, II. 175). 

a, y-Diphenyl-i8-keto-i5,2V-diliydro-pyrazine, CeHj .CeHj, 

m.p. 197®, is formed by the action of gaseous HCl upon an etheric 
solution of benzaldehyde cyanohydrin/ Distillation with zinc-dust 
converts it into ay-diphenylpyrazine, and heating with HI and phos- 
phorus into ay«4iphenyl-i?,iV-d^dropyrazine, 
m.p. 164® (C. 1905, II. 236; 1909, 1 . 1990). 
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Hexahydro-pyrazines, piperazines, have already been discussed (in 
Vol. I.) as cyclic dialkylene-imides. In addition to the S5mthetic 
methods given there, the piperazines are also prepared by the reduction 
of the pyrazines with sodium and alcohol (B. 26 , 724). 

C-Methylpiperazine, C4H9(CH3)N2, boils at 155®. a,y-Dimethyl- 
piperazine is also formed from lactimide (dimethyl diacipiperazine) by 
reduction with Na and alcohol (C. 1902, I. 631). 

Di- and poly-alkylic piperazines occur each in two stereoisomeric 
forms: Di-, Tri-, Tetramethyl-piperazine (see J. pr. Ch. [2], 55 , 49). 
iV-Dinitropiperazine, N02.N[CH2.CHJ2N.NJ)2» m.p. 215°, is formed 
from iV-diphenyl sulphone piperazine with fuming nitric acid (C. 1909, 1 . 

1579)* ConsultB. 29 , R, 384, for methylene piperazine, n CHa ^N(?), 

GHj/ 

made from piperazine and formaldehyde. 

CHj— N(CaH5)— CHj 

iV-Diphenylpiperazine, 1 | , melting at 163®, 

CHa— N(CeH,)— CHa 


results from the interaction of ethylene bromide and aniline (B. 22 , 
1777). iV-Dibenzylpiperazine, melting at 92®, is also produced when 
caustic potash acts upon bromethylbenzylamine. 

The cyclic amino acid anhydrides are a,y-diketo-piperazines. They 
have already received consideration (Vol. I.) after the a-amino- 
carboxylic acids. Diphenyldiketopiperazine, diphenyldiacipiperazine, 
CHj— NfCaHg)— CO 

I I , is formed from anilinoacetic acid. Consult B. 25 ,' 

CO —NtCaHa)— CHa 

2919, 3275, etc., for stereoisomeric diacipiperazines. 

a,P-Diketo-piperazines are produced in the condensation of oxalic 
acid with derivatives of ethylene diamine (B. 23 , 2028) : 


CHa— NHCjHj COOH CHa--N(CeH5)— CO 

I + I > I I 

CHa— NHCeH5 COOH CHa— N(CeH5)— CO 

i^^-DiphenyI-a,|8-diketo-piperazine. 


Chromic acid oxidizes this diketopiperazine to a tetraketopiperazine. 

The simplest tetraketopiperazine, has been obtained 

by the action of sodium alcoholate upon oxaminic acid ester (C. 1909, 
I. 1892). 


II. BENZOPARADIAZINES. 


N 

/\/\ 

■ CH(a) 

. . Ah(^ 

\/\/ 

N 

Qoinojcaline. 


Quinoxalines. — The quinoxalines, just like the benziminazoles, are 
condensation products of o-diamines. They result : 



286 


ORGANIC CHEMISTRY 


I. By the condensation of o-phenylene-diamines with glyoxal and 
1,2-diketone compounds (Hinsberg, A. 287 , 327) : 


/NH, COH 

+ I 

COH 


~2H,0 


> CeH 


<n.A: 


N=CH 


H 


Similarly, benzil yields a, i 5 -diphenyl-quinoxaline ; dioxy-tartaric 
acid, a, / 5 -quinoxaline dicarboxylic acid, etc. The reactions are very 
complete, even at low temperatures. 

a-Ketone carboxylic acids — e.g., pyroracemic acid and mesoxalic 
acid — become oxyquinoxdlines, while oxalic acid jdelds dioxy-quinoxa- 
lines (B. 80 , 768) : 


.NHg OC.CH. 
CeH / + 1 

OC.OH 

/N^CCH, 

N— CCH, 
or CeH 4 < 1 

\NH— CO 

— > CeHZ 1 

\N=COH 

.NHa OC.OH 

/N=COH 
— > CeH^ 1 

\N=COH 

/NH— CO 
or CeH^/ | 

\NH— CO 

c^hZ -h 1 

\NH, OC.OH 


The o-naphthylene-diamines react like the o-phenylene-diamines, 
forming naphtho-quinoxalines. The tetra-amino-benzenes yield henzo- 
diparadiazines, 

2. a-Chloro-keto-compounds, a-aldehyde alcohols, and a-ketone 
alcohols — e.g,y benzoin, furoin, arabinose, and glucose — condense 
with o-phenylene-diamines. Water and hydrogen are eliminated and 
quinox^ines remain : 


CeH, 


/NH, 


ClCHj 

OCCH, 


.N=CH 

CeH4< I (H,0+HCl + Ha); 
\N=CCH8 


with mono-alkylic o-phenylene-diamines, on the other hand, the 
products are dihydro-quinoxalines, which ferric chloride oxidizes to 
azonium salts of the quinoxalines (B. 24 , 719, 1875 ; 25 , 1627) : 

/NH, OC.G^H, /N— -C(CeH8) o CeH^C C.CeHa 

C,H 4 s. + I I ~ ^ II I 

\NHC4H, OH.CH.C.H4 \N(C,H,)— CH(C,H5) N.CeH4NCl(CeH5) 

o-Amino-di- Benzoin. iV-a,j8-Triphenyl dihydro- Triphenyl-quinoxalinium 

phenyl-amine. quinoxaline. Chloride. 

The azonium salts are immediately produced by the action of 
mono-alkylic or phenylated o-diamines upon 1,2-diketones (B. 25 , 
1010; 27 , 2355; 81 , 2423; 82 , 1042). The bases corresponding 
to these salts are very unstable, as they change to pseudo-bases, 

r XT /N==CCeH5 u- xt. • u 

^•^<N(C.H.).C(C,H.)(OH)' 

generated by acids (see the analogous behaviour of the alkyl-quino- 
linium hydroxides). 

3. o-Nitrophenyl a-amino-fatty acids, when reduced, 3deld hydroxy- 
dihydro-quinoxalines, which are also obtained from o-phenylene-dia- 
mines and a-haloid fatty acids (A. 292 , 250) : 

NH— CH, /NH— CH, 

c^hZ I > c^hZ J 

\N0, COOH \n— COH 

a-Nitrophenyl GlycocoU. a-Hydroxy-dihydro-quinoxaline. 
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4. o-Phenylene-diamines condense with cyanogen to diamino- 
quinoxalines, which dilute hydrochloric acid changes to dihydroxy- 
quinoxalines: 


CeH,« 


NHj CN .N=CNHj 

+ I I 

NH, CN \n=CNH, 


-> C.H* 


.N=:COH 


5. The condensation of o-nitroso-phenols with acetaldehyde and 
ammonia or primary amines produces hydroxy-dihydro-quinoxalines 
and keto-tetrahydro-quinoxalines respectively (B. 42 , 574; C. 1908, 1 . 
1589; 1911, I. 178): 






NO 


CH, 


OH NHaR CHO 


> 


CioH 


“\nr-~co 


6. Tetrahydro-quinoxalines are produced in the condensation of 
dihydric phenols with alkylenediamines: 


>OH HaN— CHa 

+ I 

\OH HaN— CHa 


/NH--CHa 
-> CeH,( I 

\NH— CH, 


Behaviour , — The quinoxalines are feeble monacid bases. Their 
odour resembles that of quinoline or piperidine. They are readily 
soluble in alcohol and ether, and more sparingly soluble in hot than in 
cold water. They are stable in the presence of oxidizing agents, 
while reducing agents convert them into hydroquinoxalines. 

Quinoxaline, CgH^Ng, is obtained from o-phenylene-diamine and 
glyoxal bisulphite. It melts at 27° and boils at 229°. Its iodo- 
methylate melts with decomposition at 175°. 

Toluquinoxaline, CH3CeH3[N2C2H2], b.p. 245°, from toluylene-o- 
diamine. aj^-Dimethylquinox^ne, C3H4[N2C2(CH3)2], m.p. 106°, and 
a,i?-Dimethyl-toluaainoxaline, CH3C3H3[N2C2(CH3)2], m.p. 54°, b.p. 
270°, from phenylene and toluylene diamine respectively with diacetyl. 
a-z 5 oPropyl-quinoxaline, b.p. 270°, by condensation of o-phenylene 
diamine with y-bromo-aa-dimethyl aceto-acetic ester and subsequent 
heating with HCl (B. 32 , 1209). Phenylquinoxaline, CgH^N 2(03115), 
m.p. 78°, by the condensation of o-phenylene-di amine with isonitroso- 
acetophenone and by disintegration of a/ 5 -naphtho-phenazine (B. 89 , 
2238). Similarly, a- and /?-phenyl-naphtho-qmnoxal^6,m.p. 153® and 
163® respectively, have been obtained from ^’sonitrosoacetophenone 
and ajS-naphthylene diamine, as well as the decomposition of the two 
a/?-naphthazines (B. 41 , 2350). 

o,i 3 .Diphenylqainoxaliiie, C8H4N2(C3H5)2, melts at 124° (B. 27 , 2181). 

B 2 r-CUoroxy-a,i 9 -diphenylqainoxaline has been recommended as an 
indicator in alkalimetry imder the name of luteol (B. 28 , R. 628). 

Oxyqmnoxaline, C3H4[N2C2H(OH)], melting at 265®, is made from 
its carboxylic acid (see below). 

a-Methyl-)?-<)xytolaq!iinoxalin6, CH3C8H3[N2C2(CH3)(OH)], melting 
at 220®, anda-Phenyl-i8-oxy-toluqxiinoxaiine,CH3CgH3[N2C2(C3H5)(OH)], 
melting at 196®, are prepared from toluylenediamine with pyroracemic 
acid and phenylglyoxylic acid. They are soluble both in alkalies and 
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in acids. The solutions of the first are colourless, and those of the 
second yellow in colour. a,j?-Diozy(iuinoxalin6» CflH4[N2C2H202], 
from 0“phenylenediamine and oxalic acid, or a,^-diaminoquinoxaline 
(see above) by means of hydrochloric acid is converted by PCI5 into 
a, i?-dichloro<|uinoxaline, melting at 150°. When the latter is digested 
with o-phenylenediamine a condensation results, the solutions of which 
are yellow in colour and exhibit an intense yellow-green fluorescence. 
This fact has given it the name fluoflavine, CgH4: (N4C2H2): CgH4, 
melting at 360®. It loses two hydrogen atoms when it is oxidized, 
and becomes qoinoxalophenazine, CeH4: (N4C2): CgH4 (B. 29 , 784); 


.N=CC1 NHg. 
C.H4/ + >C.H4 

\N=CC1 NH/ 



c.ij/ 1 II I 


o) 5 -Diaminoqtiinoxaline, from o-phenylene-diamine and cyanogen 
gas in methyl alcoholic solution, condenses with o-diketones like 
benzil and phenanthrene-quinone, with pyro-racemic acid, and with 
oxalic acid, thus resembling the o-phenylene-diamines, all forming 
polycyclic nuclei ; with aj8-dichloro-quinoxaline it forms the so-called 
fiuoruhine : 


|N=C-N=CCeH 5 rN=C-~-N=COH 
In =C~N =CCflH5’ N =C-N =COH’ 


CeH 4 


yN=C-NH-C=N 

1n=c~-nh-c=n 




a,; 3 -Dioxy-naphtho-quinoxaline, Naphthylene Oxamide, CioHg- 
(N2C2O2H2) (B. 80 , 772). 

a, /? - Quinoxalin^carboxylio Acid, CgH4[N2C2(COOH) ( + zHgO) , 
from dioxytartaric acid and o-phenylenediamine, melts at 190® with de- 


composition (B. 27 , 2185). 


.N=C— COv 

It forms an anhydride, ^ 


melting at 251°. Ammonia converts the latter into quinoxaline 
dicarbonamic acid, which with bromine and caustic potash yields 
a-aminoquinoxaline-i?-carboxylic acid, CeH4[NoC2(NH2)(COOH)], melt- 
ing with decomposition at 210® (B. 28 , 1657). 

a-Oxyqainoxaline-i^-carbo^lic Aci^ CeH4[N2^2{C^I^)(^O^H)] melt- 
ing at 265® with decomposition, is produced by saponifying the acid 
ureide produced in the interaction of alloxan and o-phenylenediamine 
(A. 292 , 248). 

a^-Quinoxaline diacetic ester, C8H4N2(CH2C02C2H5)2, m.p. 58®, 
from o-phenylenediamine and ketipinic acid ester, is condensed by 
Na ethylate to phenocyc/bpentanoneazine carboxylic ester (C. 1901, 

II. 539): 


C H /N=C.CH..C0.R 

.* *\n=c.ch,.co,r' 




-CO.R. 


Hydroquinoxalines , — ^The iV’,a-dihydroquinoxalines are distinguished 
by their yellow-green fluorescence. 

/N==CCeH4 

Dihydro-a, i^-diphenylquinoxaline, 1 , melts at 146®, 

and is produced in the reduction of diphenylquinoxaline with 
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staimous chloride, or from benzoin and o-phenylenediamine (B. 24 , 
1870 ; 27 , 2182). iV-Methyldihydro^,jS-diphenylaainozaline (B. 25 , 

1632) is oxidized to N-Methyl-a,p-diphenyl-quinoxalinmm-hydroxide, 

c.h/^ 

‘\N(0H)(CH,) : C.C,H, 

/NH— ~C C H 

^',iVl-DibJdro-a-methyl-i?4sapropylqllm(>xal^ ch * 

colourless flakes, m.p. 124°, by condensation of o-phenylenediamine 
with mesityl oxide. Its dinitroso-compound melts at 177° (B. 89 , 1646) . 

N - Methylketodihydro methylqainoxaline, N,p- Dimethylquin- 

N-=CCHg 

oxalone, CeH4<; J , melts at 78® and boils at 308°. It 

\N(CH3)-<io 

results from the condensation of methyl-o-phenylene-diamines and 
pyroracemic acid (B. 25 , 1630). ^ 

Oxydihydroqoinoxaline, 

phenylenediamine with monochloracetic acid, is oxidized by chromic 
acid to dioxyquinoxahne (B. 41 , 800). 

Oxy-dihydronaphthoquinoxa^uie, m.p. 246®, from a-nitroso-/ 3 -naph- 
thol, acetaldehyde, and ammonia. 

Tetrahydroquinozaline, CgHioNa, melting at 97® and boihng at 289®, 
is obtained from pyrocatechol and ethylenedi amine (B. 21 , 378), or by 
saponifying its dibenzosulphonic derivative, CgH4(NS02CgH5)2>(CH2)2, 
the reaction-product of ethylene bromide and dibenzene sulphon- 
o-phenylenediamine (B. 28 , R. 756). 

a,^-Diph6nyltetrahydroqainoxalin6, C8H8N2(C0H5)2, is produced in 
two isomeric forms, melting at 105® and 142®, when diphenylquinoxa- 
line is reduced with sodium and alcohol (B. 27 , 2184). 

III. DIBENZOPARADIAZINES. 

Phenazine Group, — Phenazine is analogous in constitution to 
anthracene and acridine: 



Anthracene. Acriaiue. Phenazine. 


On the other hand, it is, in its methods of formation and general 
deportment, very closely related to the dibenzo-derivatives of paroxa- 
zine and parathiazine : 

Dibenzoparoxazine, Dibenzoparathiazine, Dibenzoparadlazine, 

Phenoxazine. Thiodipncnylamine. Phenazine. 

It is the parent substance of an extensive class of dyestuffs, which 
are to some degree quite important from the technical standpoint — 
e,g., the eurhodines, toluylene-red, the indulines, safranines, etc. — ^which 
VOL. III. u 
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are in part derived from phenazine itself and partly from higher c<m- 
densed paradiazines — e.g., naphthophenazine, naphthazine, etc. 

Methods of Formation, — i. Phenazines result by the exit of water 
and hydrogen in the condensation of o-diamines and o-dihydroxy- 
benzenes: 

/NH, OH. .Nv 

> CeH/ I 

\NH, OH/ 

2. Azines are also produced from o-diamines and o-quinones — e,g., 
/^-naphthoquinone, phenanthraquinone, croconic acid, etc. : 


C.H4/ ■ + 1 I > CeH,/ 1 II 

\nH, OC ^C.H. \N— C 


.NH, OC-CH=CH 




N--C---CH=CH 


/3-Naphthoquinone. 


— C.H4 
Phenonaphthazioe. 


Isatin and o-phenylenediamine similarly 3neld indophenazine, 

C4H4.C— Nv. 

I II I >CeH4 (B. 29 , 200). On the other hand, azonium bases result 
NH— C— N/ 

if mono-substituted o-diamines and o-quinones are condensed (see 
quinoxahne) : 


^NH, 


CO— CeH 4 


CioH./ +1 I 

\nHC«H, CO— C,H4 


o-Aminonaphthyl- 

phenylamine. 


Phenaotbra- 

quinone. 


N— C— CeH4 
-> CioH./ II I 

\N— c— CeHa 
Cel^^H 

N aphtho-phenanthra-pboiyl- 
azomuxn Hydroxide. 


Such azonium compounds are also produced by the action of azines 
and alkyl iodides, and by the deamination of induline and safranine 
bases. 

3. Furthermore, azines result in the oxidation of a mixture of 
o-diamines and a-naphthol: 


/NH, 

*\nh, 


C( 


•o 


C.0H4. 


4. Naphtho-phenazines and naphthazines are formed by the fusion 
of o-amino-azo-compoimds with /?-naphthol (B. 88, 1811) : 


CrH, 


•\ 


NrN.CyHy 
NHj 




■N. 




5. Nitrobenzenes and anilines or naphthylamines, treated with 
dry KHO, form phenazines and phenazine oxides respectively, the 
latter being easily reduced to phenazines (B. 84 , 2442) : 

+ H “}c.H4 > C.H.(N,0)C.H4 > C.H.^^).C.H4. 

6. Phenazine oxides are also formed by the action of con- 
centrated SO4H2 upon para-substituted nitrosobenzenes (when the 
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j^position is unoccupied, ^-nitrosodiphenyl hydroxylamines are formed) 
(A> 882> 82 ) ! 

2Cic,h.no > [cic,h/^^°J^^c ,H,Cl] > C1C,H,(N,0)C,H,C1. 


7. By the decomposition of o-anilinO"(toluino-, etc.) -azo-bodies. 
Thus, o-anilino-naphthyl-azobenzene-sulphonic acid, produced by the 
combination of phenylnaphthylamine with diazobenzene - sulphonic 
acid, breaks down, on boiling with dilute acids, into naphthophena- 
zine and sulphanilic acid: 


/N : NC.H^.SOjH 


+ H,N.C,H4.S0,H. 


Behaviour , — ^The phenazines are mostly yellow-coloured, feebly basic 
bodies that cannot be distilled without suffering decomposition. They 
dissolve in concentrated sulphuric acid with a red to blue colour. They 
are again precipitated upon addition of water. They combine with 
alkyl iodides to azonium iodides. They are reduced to colourless 

dihydro-compounds — e,g,, dihydrophenazine, 0*114 — which 

are readily re-oxidized to azines. 

Phenazine, C12H3N2, was first obtained from calcium aizobenzoate 
by distillation, and was called azodiphenylene, with which it is isomeric. 
It may also be prepared from o-phenylene-diamine and pyrocatechol, ' 
and by conducting aniline vapours through a tube heated to redness, 
by the deamination of aminophenazines, and upon boiling formazyl 

carboxylic ester, with concentrated acids (B. 25, 

3205), together with various other products in the oxidation of 0- 
amino-diphenylamine, (®' 3®3)' melts at 171®, 

Phenazine is also obtained from nitrobenzene, aniline, and caustic 
potash. In this process some phenazine oxide, CeH4(N20)C3H4, m.p. 
226°, is obtained, which is reduced quantitatively to phenazine by 
stannous chloride (B. 84 , 2446). 

Ammonium sulphide reduces phenazine to dihydrophenazine. Con- 
sult A. 292 , 260, for its reduction in acid solutions. 

Dimeihylphenazine, CHg.C-Hg: Ngi C^Hg^XHg, m.p. 162®, by 
reducing dimethylphenazine oxide, m.p. 205°, obtained from ^-nitroso- 
toluene by method 6 (see above). 

Toluphenazine, CHg.CgHg: Ng: C3H4, melting at 117°, is obtained* 
from toluylene-diamine and pyrocatechol; also from o-amino-phenyl- 
tolylamine and lead oxide (B. 29 , 1873). . 

a,)?-Naphthophenazme, CioH^ : Ng : CeH4, melting at 142®, is pro- 
duced, in addition to the common methods (see above), from naphthyl- 

NO 

phenyl-nitrosamine, just as acridin is obtained 

from formyldiphenylamine. 5 ^. a,i^-iiaphthazine, CioH^: N2* CipH^, 
melting at 243®, is formed in like manner from j?,^-dinaphthyl-nitro- 
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samine (B. 26 , 185), or from benzeneazcH/J-naphthylamine by fusion 
with i 3 -naphthol (B. 88, 1816). C 7 wsyw.-a,i 5 -Napnthaziiie, melting 
at 283®, was first made by heating nitronaphthalene with lime {naph- 
those, Laurent, 1840), and was consequently long regarded as azonaph- 
thalene. It was dso prepared from a,) 5 -naphthylenediamine and )?- 
naphthoquinone. It is most easily made by condensing nitroso-/?- 
naphthylamine and a-naphthylamine (B. 29 , 2086), or by fusing P- 
naphthylamine with caustic alkalies with or without oxidizers (C. I 905 » 
II. 1757). Oxidative disintegration converts syw.-a)3-naphtha2ine 
into a-phenyl-naphtho-quinoxaline, and wnsyw.-a/S-naphthazine into 
/ 3 -phenyl-naphtho-quinoxaline (B. 41 , 390). 

Phenanthrophenazine, C14H8: N^: CeH4, melts at 234®, and is 
obtained from acenaphthene-quinone and o-phenylenediamine (C. 
1899, II. 338). 

Anthrazine, . nCuHg, reddish-brown needles, m.p. 

t[2jN[2] J 

about 390®, subliming, results from fusing ) 5 -anthramine with caustic 
alkalies (C. 1906, II. 725). It is also obtained from Indanthrene, 
Dihydroanihraquinoneazine, by distillation with zinc-dust. Indan- 
threne is formed from 2-amino-anthraquinone by fusion with KHO 
at 250®: 




The following methods of formation, which have no technical 
importance, prove its constitution: (i) By condensation of 1,2-diamino- 
anthraquinone with 1,2-anthraquinone, followed by oxidation and 
reduction (C. 1906, II. 80) ; (2) from i-amino-anthraquinone on heating 
with dilute acids under pressure (C. 1907, II. 1133) ; (3) by auto-con- 
densation of i-amino-2-bromo(chloro)anthraquinone (C. 1905, I. 843). 
Indanthrene is a blue powder very slightly soluble in organic solvents. 
From quinoline it crystallizes in needles with a coppery lustre. On 
heating with benzoyl-chloride it yields a dibenzoyl compound in red 
needles (B. 44 , 1732). 

By oxidation with chromic or nitric acid, indanthrene passes into 
the greenish-yellow anthraauinonazine, Ci4H802(NjJCi4H80j, which 
easily regenerates the dihydroazine. The stability of dihydroanthra- 
quinonazine, remarkable when compared with the instability of other 
dihydrophenazines, is paralleled by the stability of fluorubin, etc. 
On strong oxidation wifii chromic acid indanthrene passes into 

pyrazin(>->anfhragiiiiiOM^ 
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Hydrosulphite or zinc-dust reduces indanthrene, with absorption of 
2 or 4 atoms of hydrogen to products similar to hydro-quinone soluble 
in alkalies. These, by oxidation in air, regenerate the insoluble dye- 
stuff. This is the basis of vat-d3nng with indanthrene (B. 86, 3410; 
40 , 390). 

Technical importance attaches to a series of halogen substitution 
products of indanthrene which are oxidized to the corresponding azines 
with even greater difiBculty than indanthrene itself (compare B. 48 , 
1000). 

Closely related to indanthrene in its behaviour and its methods of 
formation is the yellow dye — 

Flavanthrene (for constitution, see below), which, though it does 
not belong to the />-diazines, will be dealt with here on account of its 
close relation to indanthrene. 

Flavanthrene is also obtained from 2-amino-anthraquinone by 
potash fusion at high temperatures (350°), or, better, by boiling with 
antimony pentachloride in nitrobenzene" solution. Its constitution 
follows from its synthesis from 2,2'-dimethyl-i,i'-dianthraquinonyl. 
By oxidation, this is converted into the corresponding dianthra- 
quinonyl dicarboxylic acid, whose diamide, with bromine and alkali, 
yields 2,2'-diamino-i,i'-dianthraquinonyl, which splits off zHjO and 
condenses spontaneously to flavanthrene (B. 40 , 1691; compare 
M. 82 , 447 ): 


CO CO CO 



3*Ammo*anthraquiaoae. Flavanthrene. 2,2'-Diamino>i,i'’-dianthra* 

quinonyl. 


Flavanthrene is a yellow, almost insoluble powder, crystallizing 
from quinolin in brownish-yellow lustrous needles. On treatment with 
alkahne hydrosulphite solution it yields a dark-blue vat dye which 
colours cotton in blue tints, passing on air oxidation into a very fpt 
yellow. Strong reduction with HI and phosphorus, or heating with 
zinc-dust, converts flavanthrene into the de-oxygenated flavanthrine^ 
CjjgHieNj, brown needles, m.p. 390°, which corresponds to anthrazine 
(B. 41 , 2304, 2534). 

iV-Diaryl-dihydro-phenazines are produced by the action of acids 
upon diaryl-hydroxylamines: 

C.H^CHg 
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The primary formation of diaryl-hydroxylamines is also respcmsible 
for the production of diaryl-dihydrophenazines during the action of 
concentrated acids upon tetra-aryl-hydrazines and tetra-aryl-tetra- 
zones (B. 41 , 3478, 3498; 45 , 496). ^ 

iV-Diphenyl-dihydro-phenazine, colourless needles, m.p. 172 7175^ > 
is formed besides diphenylamine on boiling tetraphenylhydxazine in 
toluol solution. Here we must assume a primary decomposition of the 
tetraphenylhydrazine between the two N-atoms as in the spontaneous 
dissociation of hexaphenylethane in triphenylmethyl (A. 881 , 202) : 

2(C.H,).N-N(C.H,). > 

The colourless solution of diphenyldihydrophenazine in conceii' 
trated H0SO4 is coloured an intense blue on adding oxidizing agents, 

C,H5\^y^OS08H 

an ortho-quinoid sulphate, CeH4^^^CeH4 , being fonned, which is 

CeHg/XoSOaH 

the carrier for the well-known nitric acid reaction with diphenyl- 
amine and sulphuric acid. The telraphenylhydr^ine first obtained in 
this reaction by the oxidation of diphenylamine is split up by the sul- 
phuric acid into diphenylamine and diphenylhydroxylamine, which 
immediately condenses to diphenyldihydrophenazine (A. 881 , 210). 

The entrance of salt-forming groups, like NHg and OH, converts 
the phenazines into dyestuffs. In addition to the normal formidas, 
pataquinoid pseudo-forms come into consideration for these amino- 
and hydroxyphenazines (eurhodines and eurhodols) (A. 290 , 260) : 

Eurhodine C,H 4 <^^^C,H,NH, or ; NH ; 

Eurhodol : .OH or : O. 


Amino-phenazines* — [a) Monamino-phenazines^ the eurhodines, are 
produced (i) analogously to the parent substances from aminated 0- 
diamines and quinones: 


/NH, OC— CH=CH 

NH,.C.H,<; + I 

^NH, OC— 

THaminobenzene. /3-Naphthoquinone. 


in. 


/N— C— CH=CH 

Ami nophenonaphthazin e. 


(2) By the action of aromatic monamines upon o-aminoazo-bodies : 


/N : NCyH; /N. 

C7H/ + C„H,NH, >C,H / 1 )>CioH,NH,(+C,H7NH,+ H,). 

(3) By the condensation of quinone dicUorimides or ^-nitroso- 
dimethyl aniline with monamines, in which the ^position is occupied 
(if this be free, indamines result) : 

/NO H . /N. 

(CH,),N.C,H.< + yc„u, >(CH.),NC,H.<'1>C„H4. 

\h nh/ 

Nitrosoclimethylaniline. /3-Naphthylamine. Dinwtbylamiimplkeaonaphthadii^ 
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The eurhodines axe feeble bases. Their salts are scarlet red in 
colour. They (hssolve in concentrated sulphuric acid with a carmine- 
red colour, which, upon the addition of water, passes successively 
into black, green, and finally red, which is due to the gradual dissocia- 
tion of polybasic salts, only stable in the presence of concentrated 
acids. The ethereal solutions have a yellow-green fluorescence. If 
heated with acids, eurhodines become oxyphenazines. They are not 
applicable technically, 

Aminophenazine, CflH4(Nj^C(,H3NH2, has been prepared from 0- 
diaminophenazine upon heating it with zinc-dust. It results in the 
oxidation of the diamino-diphenyl-amines, NH^MC H4NHC3H4[3]NH2, 
or (B. 29 , 1874). It consists of red bronze 

needles that melt at 265®. It is also prepared by the condensation 
of o-nitroaniline with aniline and zinc chloride (B. 43 , 2186). 

Anwonaphthophenazine, Qq Hg Ng Cg H3 NH3, m.p. 267®, from 
chrysoidin and ^-naphthol, or from ^-naphthylamine and quinone 
dichlorimine (B. 38 , 1844). 

(b) Unsymmetrical diaminophenazines are formed by the oxidation 
of o-diamines (beside hydroxyaminophenazines, B. 36 , 4026) : 


C H c H r H w 


Unsym. Diaminophetiazinc. 


On oxidizing dialkylated o-diamines, paraquinoid azonium salts 
are formed (B. 37 , 552) : 


2C H yNHCHe .0 ^ /N(CH.)-\ /NCH, 

(c) Symmetrical diaminophenazines , Toluylene-red Group. — Syn^- 
metrical diamino-phenazines are produced when aminated indamines 
are oxidized (II. 238) : 


NH ; CeH3<^^/C3H,NH,-^ NHjC.H,/ j^^C.HsNH^. 

Syro. o-Aminophcnazine. 

Instead of using the prepared indamine, a mixture of a ^-dia- 
mine wdth a w-diamine may be oxidized, or quinone chlorimides 
may be allowed to act upon a w-diamine. Thus, toluylene-red, 
dimethyltominotoluphenazine, NH2C7H5N2CeH3N(CH3)2, is produced 
by oxidizing dimethylparaphenylenediamine with w-toluylenedia- 
mine. Toluylene-blue appears as an interm^idiate product. 

It crystallizes in orange-red needles. It is applied in dyeing under 
the name Neutral Red, Its monacid salts are rose-red in colour; the 
diacid, blue; and the triacid, green; the last two axe stable only in the 
presence of strong acids. It colours silk and cotton, mordanted with 
tannin, a scarlet-red. It yields dimethylmonaminotoluphenazine by 
deamination. 

Hydioxyphenazinea, eurhodols, are formed (i) when the aminophena- 
zines are heated to 180® with concentrated hydrochloric acid; (2) sjm- 
thetically by condensing o-diamines with o-quinones containing 
hydroxyl. The eurhodols resemble the eurho(hnes in colour and 
fluorescence. 
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a«Hydrozyiiaphthophenazine» HOCgHgNgC^Hi, from aminonaphtho 
phenazine or produced by the condensation of hydroxy- / 5 -naphtho- 
quinone with o-phenylene-diamine, 5delds two isomeric methyl ethers — 
an oxygen and a nitrogen ether — corresponding to the two formulas 
presented for eurhodol. 

Dihydroxyphenazines are obtained similarly to the monhydroxy 
bodies. The condensation of o-phenylene-diamine with dioxy-diketo- 
tetrahydro-naphthalene (produced by the action of hypochlorous 
acid upon / 5 -naphthoquinpne) gives rise to naphthophenazine oxide> 
CgH4N2CioHg>0. This is a body resembling ethylene oxide. Hydro- 
chloric acid rearranges it into /5 - hydroxynaphthophenazine, 
CgH4N2CioH50H, melting at 198® (B. 26 , 617; A. 286 , 61). 

Azonium Compounds . — ^These are important because they are to 
be regarded as the parent substances of the dyestuffs of the induline*, 
indone, and safranine series, from which they are produced by dia- 
zotizing in strongly acid solution, and to which they revert upon 
treatment with ammonia or alkalies. 

When these phenazonium compounds are treated with alkalies, 
amines, etc., the^. position to the N-atom is readily substituted by 
-OH, NHg, etc., another molecule of the azonium compound being 
simultaneously reduced. This is made clearer by an ortho-quinonoid 
formula (see B. 31 , 3073; 83 , 395): 

.Nv /NH. 

2 CeH 4 <^^ \CeH4+NH, > \CeH4 +CeH4/_ + HCl 

/\ /\ I 

Cl Cl CJd, C,H. 

See under diphenyl phenazines for their synthetic methods of forma- 
tion. The phenylazonium salts have been chiefly isolated by means 
of their ferric chloride double salts. Ethylphenazonium iodide, Methyl 
naphthophenazonium iodide, CeH4(N2.C2H5l)C6H4 and CioHe(N2CHJ)- 
CioHg, are produced by the union of the corresponding azines and alkyl 
iodides (B. 30 , 391). Phenylphenazonium chloride results from the 
deamination of aposafranine chloride. The ferric chloride double salt, 
C8H4(N2CgH5.Cl)CgH4.FeCl3, melts at 186*^. On reduction with stan- 
nous chloride it gives iV-Phenyldihydrophenazine, 

ni-P- I 43 ‘’> the true analogue of phenoxazine and thio-diphenylamine 
(A. 822 , 69) . Phenylnaphthophenazonium chloride, CioH8(N2C8H5 . Cl)- 
9«^4> is obtained from rosinduline and isorosinduline. An isomeric 
tsophenyliwphthophenazoiiiam chloride has been prepared from 
lA-rosinduline (p. 298), and also by condensation of ) 3 -naphthoquinone 
with phenyl-a-phenylenediamine (B. 29 , 2316, 2967; 80 , 2629). 

Phenyl-dinaphthazonimn chloride, CxoH8(N5jC8H5.Cl)CjoH8, from 
naphthinduline (B. 82, 939). Phenyl-phenanthro-phenazoniiun (Moride, 
FlayinduUne, Ci4Hg(N2C8H8Cl)CgH8, frojn phenanthrene quinone and 0- 
amino-diphenylamine (A. 292 , 266; C. 1898, II. 691; 1900, 11 . 117, 
etc.). 

On the products of the action of magnesium-organic compounds 
upon flavinduline, see B. 42 , 1104. 
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Phenylacenaphthophenazoniom nitrate, Ci2He(N2CeH5N03)CeH4, 

from acenaphthene-quinone and o-amino-diphenylamine (B. 48, 441). 

Indnlines, Indones, and Safranines. — ^These dyestuSs bear the 
same relation to the phenazines as the oxazimes and oxazones (p. 263) 
to phenoxazine and phenoxazonium salts, and the thiazines and thi- 
azones to thiodiphenylamine and the phenazothionium salts. They 
contain, instead of the ring-oxygen atom and the ring-sulphur atom 
of these compounds, an NR-group. The induline salts can be converted, 
by means of their diazo-bodies, through deamination, into azonium 
salts (p. 296), and must therefore be viewed as aminated azonium salts. 

The corresponding azonium hydrates, however, easily split off 
H^O and pass into imines which, in contrast with the azonium com- 
pounds, are non-electrolytes (B. 29, 2316, 2752, 2771; 83, 311). These 
imines are isomeric or desmotropic with the para-quinone formulae 
of the induline bases ; according to these formulae the indulines, indones, 
etc., are quino- anils, indamines, and indo-phenols, in which the two 
aromatic nuclei are linked by the NR-group. 

To save space, the paraquinonoid formulae for the bases are mostly 
employed ; they will be readily understood from what has been expressed 
above. The radical (R) may be an alkyl- or an alkyl-group. The 
phenylated derivatives primarily are important technic^y (A. 286, 
187; B. 28, 1579). 

The indulines are prepared universally (i) by heating ^-aminaizo- 
bodies with monaimines in the presence of some mineral acid: 


•H5) 




NH.MCeH^N : NC.H, -f- CeH^NH, > NH 


; C.H./' 


.N- 


\n(c 


The intermediate aind by-products in this reaction are j^-quinone 
di-imide derivatives — e,g,, quinone dianil, anilidoquinone dianil, 
dianilidoquinone dianil, or azophenine (Vol. II.), etc. They are to be 
considered as the real generators of the indulines (B. 25, 2731 ; C. 1902, 
II. 902) . Hence there is a relation between this reaction and the forma- 
tion of naphthindulines and -indones (isorosindulines and zsorosin- 
dones) from quinone dichlorimine, ^-nitroso-anilines, and ^-nitroso- 
phenols with alkyl or aryl-i5-naphthylamines (B. 29, 2753; 34, 940): 


CIN : C4H4 : NCI + CeH^NHCjoHy 


HOCeH^NO + CeH^NHCioHy 


N V 

\N(CeH,)/ 


(2) Indulines and indones result from the condensation of hydroxy- 
quinones and amino-quinones with phenylated o-diamines (B. 28, 
1714; A. 290, 262) : 


O. /OH {C,H5)NH. O. /N(C,H,). 

Nc.h.< + >C.H. > 

Hc/ H,n/ ho/ / 

yO C,H,NH. /N(C,H,)\ 

AcNHC,oH,< + . >C,H, >AcN:Ci„HX ^C.H*. 

^O H,N/ / 
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Indones are formed when the indulines axe heated with concentrated 
mineral acids or dilute alkalies. 

The indulines are among the longest known aniline dyestuffs (Caro 
and Dale, 1865; Griess and Martins, 1866). Their constitution has 
been made more evident by a series of investigations prosecuted in 
recent years by Fischer and Heppe, Kehrmann, Nietzki, etc. (A. 272 , 
306; 290 , 247; B. 29 , 1442, 2318, 2771). 

The indulines are classified: 

I. Benzindulines, NH : CeH3(NaC^H5)CeH4, from phenazine. 
/(a) tst^Bosindi^es, NH :C3H3(N2CeH5)CioHg\from naphtho- 

^'\(b) Rosindolines, NH : CioH6(N2CeH5)CeH4/ phenazine. 

3. Naphthindulines, NH : CioHB(N2CeH5)CioH6, from naphthazine. 

4. Flavindolines (see above), which are derived from phenanthro- 

phenazine and -naphthazine. 

The ms-alkyl derivatives, corresponding to these ms-phenyl-com- 
pounds, have also been prepared in various ways (see B. 80 , 394, etc.). 

The benzoindulines and esorosindulines, on the one side, being deriva- 
tives of benzo-quinone, and the rosindulines and naphthindulines being 
derivatives of naphthoquinone, exhibit among themselves great simi- 
larity. The first two groups form violet to blue-coloured, sparingly 
soluble salts. Their application in calico printing depends upon their 
solubility in acetin ( Vol. I.) {acetin print) . The ros- and naphth-indulines 
are strong bases. Their salts have an intense red colour, and show 
red fluorescence. When their strongly acid solutions are diluted, a 
change in colour similar to that observed with the safranines occurs. 
The indulines, like the quinones, readily yield anilino-compounds upon 
digestion with anilines. Similarly, the indones, when heated with 
alkalies, become oxyindones. For the action of ammonia upon the 
indulins, see under Safranine. 

Benzinduline, Aposafranine, CigH^a^s’ results by deamination of 
phenosafranine. Further deamination yields the phenylphenazonium 
salt, which regenerates aposafranine by treatment with ammonia. 
Aposafranine, digested with aniline, forms anilino-aposabanine 
(B. 28 , 1709; 29 , 2967). Benzeneinduline is also obtained from 
j 5 >-amino-azobenzene and aniline. Aminophenylbenzindulme, NH2C3- 
H4.N: C3H3(N2C3Hb)C 3H4, melting at 150°, is a side-product. By 
deamination it yields phenylbenzinduUne, If ^-amino-azo-benzene 
be heated with ^-phenylene-diamine, a mixture of various amino- 
indulines is produced, and these form paraphenylene blue, a valued 
cotton dyestuff (A. 286 , 195). 

^soBosindulme, CioH3(N2CeH5)C3H3 : NH, from quinone dichlorimide 
and phenyl- i^-naphthylamine, becomes phenylnaphthophenazonium 
(B. 29 , 2753) by deamination. Its dimethyl derivative is obtained from 
;^-nitroso-(hmethylaniline with aniline and a-naphthylamine. Bile 
Blue (A. 272 , 311) is an anilino-derivative of this compound. 

Bosinduline, NH: CioH5(N2C^H5)CeH4, melting at 199®, is formed 
from benzene-azo-a-naphthylamine and aniline, from o-oxy-a-naphtho- 
quinone-imide and o-amino-diphenylamine, as well as from 4-acet- 
amino-o-naphtho-quinone and pjienyl-o-phenylene-diamine. 
duline, an isomeride, is also produced by the last method. It differs 
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from rosinduline in the position of the N.C^Hg-group with reference to 
the naphthalene nucleus (B. 24 , 2167; A. 290 , 262). 

Rosinduline and isorosinduline, by deamination, are converted into 
phenyl-naphtho-phenazonium salts, which regenerate rosinduline with 
ammonia. 

Besides those mentioned, a whole series of isomeric rosindulines 
have been obtained by various methods (compare B. 81 , 3 ^ 97 * 22 , 
2627; 83 , 1543, etc.). 

Phenylrosindnline melts at 235®. Azocarmine is its disulphonic acid 
(D.R.P., 45,370). , 

NaphthinduUne, NH: CioH5(N2CeH5)CioHg, melts at 250. It is 
obtained from benzene-azo-a-naphthylamine with naphthylamine and 
aniline (A. 262 , 262 ; 272 , 311) . Naphthyl violet is its anilino-derivative. 
Naphthyl blue is the anilino-derivative of phenylnaphthinduline ; it is 
produced by the inner condensation of benzene-azo-a-naphthyl-phenyl- 
amine. 

Indones (A. 286 , 242). — By treatment with PCI5 the indones yield 
chloro-phenazonium chlorides. Besides the ^-quinone formula (see 
above), a phenol betaine formula has therefore to be considered for 
these compounds (B. 33 , 1485 ; 41 , 12) : 




V 

\n(C,H,)/ 


PCI, 


\N(Cl)(CeH,)/ 


The indones combine with dimethyl sulphate to form methyl sulphates 
of methoxyphenazonium hydroxides (A. 322 , 73). 

Apo-sabanone, benzolindone, C18H12N2O, m.p. 242®, is formed from 
apo-sairanine bromide with NaHO (B. 33 , 1487). It gives with PCls 
phenyl-chloro-phenazonium chloride (see above), and with hydroxyl- 
amine amino-apo-safranone, Ci8HiiN20(NH2) (B. 38 , 3435 )* 

Rosindone, 0 : CiQH5(N2CeH6)C8H4, of the indones (see A. 286 , 242), 
occurs in the form of its sulphonic acid as a ponceau-red dyestuff 
having technical application. 

With PCI5 it yields phenyl-chloro-naphtho-phenazonium chloride, 
which with KSH gives thio-rosindone. With dimethyl sulphate 
rosindone yields 4-methoxy-naphtho-pheno-phenylazonium methyl 
sulphate, CH30CioH6(CeH5N2.0S03CH3)CeH4. On the oxidation of 
rosindone with Cr03 to the so-called rosindonic acid, see B. 36 , 3622. 

^soRosindone, CioH3(N2C3H5)C3H3: O, melting at 224®, is also ob- 
tained from nitroso-phenol and phenyl- / 5 -naphthyl- amine (B. 29 , 2755). 

With PCI5 it yields phenyl-naphtho-chloro-pheiiazonium chloride (B. 
33 , 1494), and with hydroxylamine amino-iso-rosindone (B. 40 , 3406). 

, Naphthindone, CioH30(N2.C8H5)CioH^ m.p. 295°, with PCI5 
gives phenyl-chloro-naphthazonium chloride (B. 83 , 1497)* 

-Safranine salts should be regarded as symmetrical 
diamino-derivatives of the azonium salts. They are produced (i) upon 
oxidizing a mixture of an indoamine and a monamine: 


HN.C,H4. H,N. 

I ^C.H, 

Phanytoe Blue. 


O 

HCl 


H,N.C.H / I 


N- 




‘\n(C,H4)c/ 


C4H,.NH,, 


Phenosafranine Chlorida, 
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(2) By oxidizing a mixture of w-amino-derivatives of diphenyl- 
amine with ^-diamines or quinone dichlorimides (B. 28, 1579 ; 29 , 1444) : 






■> 


N(C.H5)C1' 

Phenomauvdne. 


CeH^NH- 

(C.H,). 


NH.[3]C.H,\+ NH.C.H.WNHC.H. ^ 

+ NH,.CeH,[4]NH/ 

{3) By the action of ammonia upon the aceto-derivatives of certain 
indulines: 


.N- 


.N- 


AcNHC,H,/| \c.H«-~*-AcNH.C.h/|' 

\N(C.H5)CK ^ \N{C,H.)C1/ 


The safranines usually form monacid, red-coloured salts. The 
solutions in concentrated sulphuric or hydrochloric acids are green in 
colour. Upon dilution they become blue, then red (dissociation of un- 
stable polyatomic salts; compare the eurhodines above). The reverse 
in colour-change occurs upon adding acid to the dilute salt solutions. 

The sparing solubility of their nitrates is noteworthy. The alcoholic 
solutions usu^ly exhibit a strong yellowish-red fluorescence. Views 
in regard to the structure of the free bases have been proposed. 
Reducing agents convert safranines into leuco-compounds, which in 
the presence of alkalies are rapidly reoxidized by the air to safranines. 

The lowest member of the safranines is — 

Phenosatraiune» CieHi5N4Cl. It consists of leaflets, green in colour, 
or of steel-blue needles. Baryta separates safranoL 

When its monodiazo-compound is boiled with alcohol, aposafranine 
chloride is produced ; the acetyl derivative of the latter, upon treatment 
with ammonia, again 5delds an acetylphenosaf ranine (B. 80 , 1565). 
Uns3^metrical dimethyl- and diethyl-phenosatranines (B. 28 , 1356) are 
obtained from dimethyl- and diethyl-^-phenylenediamine with two 
molecules of aniline. Dimethylphenos^ranine is the basis of the dye- 
stuff fuchsia. The Giroj^ of commerce is a homologue. iV-Tetraethyl- 
phenosafranine is the violet dyestuff amethyst. 

mPhenosafranine, (NH2)2CeH2(N2C4H5Cl)CeH4, is obtained from 
dinitro-pheno-dihydro-phenazine (resulting from the condensation of 
picric acid with o-amino-diphenylamine) in the same way as are the 
corresponding compounds of the oxazine and thiazine series (B. 82 , 
2608, 3155). 

Tolosatranine, horn toluylenediamine o-toluidine 

(i molecule) and aniline (i molecule), is the chief constituent of common 
safranine, occurring in commerce as a brown paste or yellow-red 
powder, employed in cotton and silk dyeing as a substitute for saflBor. 
The necessary base-mixture for its production is obtained from the 
“ aniline oil for safranine.' ' This is partially diazotized, and the product 
broken up into paratoluylenediamine and orthotoluidine by reduction. 

Naphthophenosatranme Chloride, NH2CioH6(N2CaH5.a)C4H8NHa. 
Its acetyl derivative is produced from acetylrosinduline and ammonia 
(B. 80 , 1566). 

The dyestuff indazine, CeHjNHC8H8(N8ClC8H5)C«H8N(CH8)*, is 
closely allied to the safranines in its meth^ of formation. It melts at 
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218°, and is obtained from diphenyl-iV-phenylenediamine and nitroso- 
dimethyl aniline. The analogous non-methylated body, from nitroso- 
aniline and diphenyl-w-phenylenediamine, or from nt- and ^-amino- 
diphenylamine, is identical with Phenomauveine, which is closely 
related to mauveine» the first aniline dye to prove valuable technically 
(Perkin, 1856), Mauveine is produced by oxidizing aniline containing 
toluidine with potassium bichromate or lead peroxide. Magdala Red 
belongs to the safranines (Hofmann, B. 2 » 412). It results from amino- 
azonaphthalene and a-naphthylamine hydrochloride. It probably 

\ 

has the following constitution: NHjCioHb<^ 1 ^CioHbNH, (B. 26 , 

\N(CioH7 )CK 

2235 ; 80, 1567). 

Safraninones and Satranols are to be viewed as symmetrical amino- 
and oxyderivatives of the indones. Like the safranines, they are pre- 
pared from w-hydroxydiphenylamines with nitrosodimethyl aniline 
or nitrosophenol (B. 28 , 270, 503, 1354, 1578 )* 

Salraninone, CigHigNaO, and Safranol, CigHigNgOg, are made by 
boiling phenosafranine with baryta-water or caustic potash (B. 80 , 399). 

With PCI5, safranol gives dichloro-phenazonium chloride, ClCgHg- 
(N2.ClCeHg)CgH3Cl(B. 31,301), 

Fluorindines . — Fluorindine is the simplest representative of this 
class of dyestufis. It corresponds to triphenodioxazine: 



Triphenodioxazine. 



Fluorindine. 


The fluorindines result by oxidizing or heating the salts of o-diamines ; 
unsymmetrical diaminophenazines appear as intermediate products: 


IWNH, H,N[2]J 

Un8}an. Diaxninophenazine. o-Phenylene-diaznine. 




N /NH. 

>c,hZ 

NH/ / 

Fluorindine. 


The fluorindines usually form green-coloured crystals, which sub- 
lime without decomposition and are sparingly soluble. Their solu- 
tions show a beautiful brick-red fluorescence. 

iV-Methylfluorindine, CgH^ =(N2H)^CeH2-(N2CH3) =CoH4, is 
obtained from the hydrochloride of diamino-phenazine and methyl-o- 
phenylene-diamine (B. 28 , 395). 

Phenylfluorindine, CgH4N2HCgH2N2(C(jH5)CgH4, results from the 
condensation of aposafranine chloride with o-phenylene-diamine (B. 29 , 
367). Diphenylfluorindine, ^-(NgCeHg) ^CgH2^(N2CgHfi) =CeH4, 
is produced in the oxidation of azophenine, and also from phenylindu- 
liiie by sublimation (B. 28 , 293). 

Triphenazineoxazine is a mixed oxsuzine-phenazine. It is formed 
from unsym. dihydroxyphenazine with o-aminophenol, or from amino- 
phenoxazone with o-phenylene-diamine (B. 28 , 299) : 

.Ov yO NH,v yOv \ 

c.h/ + >C.H« >C,H4< >C.H4. 

*\n/ *\nh, nh/ \nh/ 
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4. TRIAZINES. 

Derivatives of the three possible metameric triazines are known: 




/^\ 

N N 

N N 

c c 

A. 1 1 

B- I 1 

C. 1 1 

C C 

C N 

N N 

\n/ 


\n/ 

Sym. Triazine, Cyanidine. 

Unsym. (a)-Triazine. 

i>-(/5)-Triazine. 


A. Symmetrical Triazines, Cyanidines. — ^The formula of symmetrical 
triazine corresponds to the hypothetical Trihydrocyanic Acid, to which 
the metallo-hydrocyanic acids (Vol. L) have been* referred. Further- 
more, a series of polymeric cyanogen compounds — e.g,, cyanmic acid, 
sulphocyonuric acid, cyanuric chloride, melamine, isomelamine, etc. — 
are derivatives of this triazine. They have already been discussed. 

Alkyl- ziid phenyl-derivatives of symmetrical triazine or cyanidine 
are obtained: 

I. By the action of aluminium chloride upon a mixture of benzo- 
nitrile and benzoyl chloride or acid chlorides. When benzoyl chloride 
is used, the reaction (best with the addition of ammonium chloride) 
proceeds as follows (B. 269 2263) : 


^CeHjCN + CeHjCCXl-^ 


CeHjCCl 


OC.C.H,j,h CeH»C-N= 


N— C(CeH5)=N 


=-CC,H5 
N— C(C,H,)=ij 


2. By the action of anhydrides of the fatty acids upon aromatic 
carbon-amidines (B. 25 » 1624) : 

0(C0CH>), ^ C.H,^N_^CCH. 

NH + NHgC(CeH5) =NH N--C(C8H,) =N 

Carbonyl chloride acts similarly to the anhydride of the fatty acid, 
with the production of oxycyanidines (B. 26 , 1424). 

The cyanidines are weak monacid bases. They are more or less 
readily decomposed into ammonia and carbonic acids. 

Diphenylmethylc^anidine, C3(CeH5)2(CH3)N3, melting at 110°, is 
made from benzamidine and acetic anhydride. It is oxidized to di- 
phenylcyanidinecarboxylic acid, which loses water readily and becomes 
diphenylcyanidine, C3(C3H*5)aHN3, melting at 75"* (B. 28 , 2382). 

Triphenylcyanidine, Cyanphenine, C8(C3H3)3N3, was first obtained 
from benzoyl chloride and potassium cyanate (Cloez, 1859), then by 
the pol5merization of benzonitrile with concentrated sulphuric acid; 
from benzonitrile, benzoyl chloride, and AlgCl^ (see above), as well as 
by the action of sodium upon a mixture of cyanuric chloride and bromo- 
benzene (proof of constitution). Compare B. 29 , R. 1124, for the action 
of sodium upon benzonitrile. Nascent hydrogen decomposes it into 
ammonia and lophine; compare the similar conversion of Cyannr- 
trieihyl, triethylcyanidine, into triethylglyoxaline (B. 28 , R. 66). Per- 
chloro-trimei^l cyanidine, C3((3C]8)8N3, melting at 96''^ results from 
the polymerization of trichloracetonitrile. 
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SesaoUwotrietMoyaaidiiie, C,(CCl2.CH3)3N3, m.p. 74°, from 
propionitrile with chlorine, gives, with KSH, trithio-acetyl cyanidin, 
C3(CS.CH3)3N3 (J. pr. Ch. [2], 67 , 357 )- 

Diphenylhydrozyoyanidme, C8(C,Hj)2(OH)N3, melting at 289°, from 
benzenylamidine and COCI3 (B. 23 , 163), forms a well-crystallizing 
sodium salt. PClg converts it into diphenylchlorocyanidine, melting at 
139“, which behaves like an acid chloride. Thus, ammonia readily 
changes it into diphenylaminocyanidine, melting at 172°. 

CH,C— N C(OH) 

Methyldihydroxycyanidine, It I , is obtained from 

N — C(OH)=N 

acetyl urethane and urea (A. 288 , 318). 

Amino-cyanidine, amino'hydro-cyanuride, C3H2(NH2)N3, and Di- 
amino -cyanidine, ^amino-cyanuride, C3H(NH2)N3, m.p. 325°, are 
formed by reducing cyanurimine dichloride and cyanurodiamine 
chloride respectively. The diaminocyanidine is identical with formo- 
goanamine (B. 32 , 1219; see also Vol. I.). Guanamines in general are 
formed by heating aliphatic guanidine salts, or biguanide with fatty 
acids \ 

* . NHjC—NHj NH,C N CH 

II -HHCOOH > n I 

N— C(NH,)=NH N-~>C(NH,)=N 

Biguaaide. Diamido-cyauidine, Formooguanamine. 

Pipetylamino-cyanidinfi, C3(NC5Hio)(NHj)HNg, melting at 194°, is 
similarly obtained by heating piperyl guanide with formic acid, or by 
treating it with chloroform and caustic potash, even at 0° (B. 26, 525). 

Normal cyanuric acid is a trioxyoyanidine, cyanuric chloride is a 
triohlorocyanidine, melamine is triaminocyanidine, and ammelide and 
ammeiine are oxydiamino- and dioxyamino-cyanidines. Dimethoxy- 
and diethoxy-ohlorocyanidines, m.p. 81° and 44°, b.p.j, 144°, are formed 
on treating cyanuric chloride with methyl and ethyl alcohol and zinc- 
dust. The former, with KSH, gives dimethoxythiocyanidine, which is 
saponified by HCl to dihydto^hiocyanidiue, m.p. 316° with dec. 
(B. 86, 3191). tsoCyanuric acid and its derivatives are to be regarded 
as derivatives of a triketo-hexahydro-cyanidine. 

B. Unsymmetrical (a)-Triazines. — But few derivatives of the simple 
ring are known: i,2-Diphenyl-3-hydroxy-o-tria2ine, C3(CjHg)2(OBONs, 
melting at 218°, is produced in the condensation of benzil with semi- 
carbazide (B. 28 , R. no) : 

C,H,.CO H,N— CO C,H,C = N— C(OH) 

I + I > I II 

C,H,.CO H,N— NH C,H,C = N— N 

Similarly, i,2-Dipheiiyl-3-aimno-a-triazine, C8(C*Hg)2(NH2)N3, m.p. 
175°, are obtained from benzil and aminoguanidine nitrate (A. 802 , 
309). Some other triazines are derived from the phenacyl-azocyanide, 
CgHgCOCHgN : NCN ; the amide, amido-chloride, and thiamide respec- 
tively pass on rejection of H3O into phenylbydtoxy-, phon^chloro-, and 
phenyiihio-a-ttiazine, m.p. 234°, m.p. 123°, and m.p. 200° (B. 8^ 4126) : 

C,H,CO— CH,— N C,H,C=CH N 

H,N— CO— N ^ N=C{OH).N 
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J^-PhenyU and '^•phenyU^-alkyUketotetrahydro-a-triazines are made 
by heating the imsymmetrical phenylhydrazino-acetic acid ester with 
formamide and substituted formamides (B. 28 , 1228) : 

COOR+ RHNCHO CO— NR CH 

I > I II 

CH,— N(C«Hj)— NH, CH,— N(CeH,)— N 


N-Diphenyl-keto-tetrahydro-triazine, melting at 205*", is obtained 
from formanilide. An isomeric iV-*diphenylketo-tetiahydro-triazine, 

CH,— N(C,H5)— CH 

1 11 , melting at 174®, has been prepared from anilino- 

CO _N(C,H,)— N 

acetic acid phenylhydrazide, CgH5NHCH2CON(CgH5)NH2, with 
crystallized formic acid (B. 26 , 2616). 

iV-Diphenyl-diketo-hexahydra-a-triazine, m.p. 258°, is formed from 
uns5nnmetrical phenyl-hydrazino-acetanilide with phosgene (A. 801 , 
69). 

i-Methyl-2,3-diketo-hexahydro-a-triazine,C3(CH3)02H4N3,m.p.2i4®, 

from semi-carbazido-propionic acid nitrile, NH2CONH.NHCH(CH3)CN, 
with concentrated HCl, is converted by bromine into metbyl-di- 
hydroxy-a-tria2dne, m.p. 209°, which contains two H-atoms less 
(A. 803 , 76). 

The derivatives of henzo- or pheno-a-triazine are more numerous. 
They are produced (i) by the reduction of symmetrical o-nitrophenyl- 
acidyl hydrazines: 

/NO, COH /N=CH 

/ I CeH/ I 

\N=N 


^NH— NH 


(2) By the condensation of formazyl compounds on boiling them 
with concentrated acids (B. 25 , 3206, 3540; 26 , 2788) : 


C,H5N=Nv^ 
C,HaNH— n/ 


CCOCH, 


/N=N 

->CeH,/ I ( + CeH,NH,). 

\N=CCOCH, 


The pheno-a-triazines are yellow-zolouxtd., crystaUine compounds, 
having an alkaloid-like odour. They are very sHghtly basic. 

Phenotriazine, melting at 75® and boiling at 235®- 

240®, results from the reduction of o-nitrophenylformylhydrazine, or 
by the exit of CO2 and aniline from formazyl carboxylic ester. MeUiyl- 
phenotriazine, C3H4[CN3(CH3)] melting at 89® and boiling at 250® to 
255®, is obtained from o-nitrophenylacetylhydrazine. Pheno-triazyl 
methyl ketone, CeH4[CN3(COCH3)], melting at 114®, is derived from 
formazyl methyl ketone. 

Ammophenanthrotnazme, . „ • „ , m.p. 262®, and hy- 

ii., 

drozyphenanthrotriazine, m.p. 285® with dec., from phenanthrene 
quinone with amino-guanidine nitrate and semicarbazide hydrochloride 
respectively (A. 802 , 310; B. 44 , 276). 

The phenodihydfo-a-triazines are related to the pheno-a-triazines. 
They are obtained, instead of the expected alkylidene amino- 
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derivatives 

aldehydes: 


(B. 24 , 1002, R. 948), from o-amino-azo-compoxmds and 


CeH, 


< 


-NH, 


= NC,H« 


+ CH,0- 






N— CH, 


These compounds are colourless. They are feebly basic, stable 
bodies, which can be heated with hydrochloric acid to 130° without 
decomposition. 

iV-Tolyl-tolu-a-dihydro-triazine, C7H6[CH2N3(C7H7)], melts at 178®. 
iV,C-diphenyl-aminopheno-a>dihydro-triazine, NH 3 CeH 3 [CH(CeH 5 )^N 3 ], 
m.p. 223°. from chrysoidine and benzaldehyde (B. 30 , 2595). iV,C-Di- 
phenyl-naphtho-a-dihydro-triazine, CjoH 6[CHN3(C8H6)2], melting at 
193°, is formed from benzene azo-j8-naphthylamine and benzaldehyde. 

A/^ToIyl-tolu-dibydro-a-triazone, h . m.p. 168°, from 

o-aminoazotolene with COClg, is not changed by boiling with HCl, but 
is easily broken up by bases. iV-Phenylnaphtho-dihydro-triazone, m.p. 
255°, is also formed from the urethane of benzene- azo-jS-naphthylamine 
with alcoholic potash. The anilino-derivatives of the pheno-dihydro- 
triazins are obtained by withdrawing SHg from the phenyl mustard 
oil addition products of the o-amino-azo-compounds (B. 32 , 2959). 

C. Phenodihydro-P-triazines are derived from adjacent v- or / 5 -Tria- 
zine. They are ring homologues of the azimino-benzenes, and are pre- 
pared from 4he o-aminobenzylamines and o-aminobenzaniides with 
nitrous acid, just as the pheno-dihydro-meta-diazines or dihydro-quina- ' 
zolines are obtained from the carboxyhc acids: 




HNO, 


CHj— NHCeHg 




/N 

‘\CH. 


- N 

-N.CeH, 


. r H HNOg 

’ ^ *\C0— NH, 


/N 


N 

CO— NH 


iV-Phenylphenodihydro-i?-triazine, CgH4[CH2N3(C3H5)], melts with 
decomposition at 128° (B. 25 , 445). 

Ar-Benzylphenodihydro-/ 9 ^triazine, C3H4[CHaN3(C7H7)], melts at 91'’ 
(B. 28 , R. 383). 

Pheno-ketodihydro-i^-triazine, Benzazimide, C6H4[CON3H], melts 
with decomposition at 212°. It is obtained from o-amino-benzamide 
with nitrous acid, or from /^-amido-indazol by oxidation with HgOa in 
acid solution ; its oxime results from o-amino-benzenyl amidoxime with 
N2O3 (J. pr. Ch. [2] 37 , 432; 43 , 446; 48 , 92; B. 29 , 626, R. 785). Thio- 
benzazimide, C8H4[CSN3H], m.p. 187°, from o-amino-thio-benzamide 
with NO2H (B. 42 , 3719). iV-Phenyl-benzazunide, C3H4[CON3C3H5], 
m.p. 131°, from o-amino-benzanilide with NgOg (B. 32 , 784) ; also from 
diazoaminobenzene-o-carboxylic ester on boiling with alcohol (J. pr. 
Ch. [2], 64 , 70). 


5. TETRAZINES.* 

Only the first two of the three possible metameric tetrazine rings 
are known in certain derivatives: 


c— N— N C— N— N C— N— C 

1 I [B. 1 S I C. 1 I 

N N— N— C N— N— N 
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A. Osotetrazines are derived from adjacent or t^tetrazines, and 
must be regarded as N-dihydro-v-tetrazines. They are derived from 
the osazones by oxidation : 

CeHg . C -= N— NH . C,H« CeH, . C = N— -N . C^Hj 

CeHj . C =N— NH XeH* ^ C.H, .C =N— N .C^Hg 

Chloto-glyoxal-osazone and its homologues, treated with alkali, 
split off HCl and give diphenyl-osotetrazines (B. 88, 2986) : 

HC=N— NHCeH, CH=N— N.CeHj 

CIC =:N— NHC,H, CH =:N— N.CeHj 


On heating alone or with mineral acids the osotetrazines become 
osotriazoles (B. 42, 659) : 


CH=N— N.CeHj 
CH=N— N.C.H* 
CH,.C=N— NXOC,H, 
CH, X =N-~N XOCeHj 


HCl 

► . >NX,H, 

ch=n/ • • 




CH,.C = 


iV'-Diphenylosotetrazine, glyoxal-osotetrazine, dark red flakes, m.p. 
152°. C-Dimethyl-iV-dibenzoyl-osotetrazine, colourless needles, m.p. 
140®. 

J^^-Methylb6nzod^hydrotetrazine, melting at 62®, is ^bmzo-defiva- 
tive of i;-tetrazine. It is formed when nitrous acid acts upon o-amino- 
phenylmethylhydrazine, and corresponds to the phenyhdihydro-i?- 
triazines (J. pr. Ch. [2], 41 , 176) : 




NH2 
N(CH,)—NH, 


+ N,0,- 




.H«<^ 


N(CH,)— NH 


The isophendihydrotetrazines, on the other hand, are constituted 
analogously to the phenyldihydro-a-triazines. They result by the 
reduction of the diazo-salts of o-aniino-azo-compounds(II. 144) (B. 19 , 

1457; 21, 543): 

/N=NC1 .N— NH 

C,H,<(| I 

\N— NC7H, 

JV-Tolyltolu<»dibydrotetnzine, iii.p. 168*. 


c,H,<r 

\n=nc,H7 

Azotohiene-o^liaKo<caloride . 


B. The symmetrical tetrazines are obtained by the oxidation of their 
dihydro-compounds, and are distinguished by their intensely red colour. 

S5nnmetrical Tetrazine, purple columns, sublim- 

ing without decomposition at 99®, is formed by heating its dicar- 
boxylic acid (see below). SH, reduces it with decoloration to 
dihydrotetrazine, from which it is easily regenerated by oxidation 
(B. 40, 84). 

Symmetrical Diphenyltetnudne, C2(C„H5)2N4, red leaflets, m.p. 
192®, by oxidation of N,t;-diliydro-C-<iiphenyltetrazine (B. 27, 984, 

3273)- 
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Symmetrical Mrasiiie dicarbozylic aoid» C2(C02l^2N4, capiine- 
.coloured leaflets, is formed by the oxidation of bis-diazo-acetic acid 
and pseudo-diazo-acetic acid or its amide with nitrous acid or bromine. 
On heating with water it splits up into N2 and glyoxaUhydrazin oxalic 
acid, CO2H.CH: N.NH.CO.CO2H (B. 40 , 1176). 

Symmetrical Dihydro-tetrazines, — ^Four isomers are possible: 

CHg— N=N CH=N N -N ^ CH,— N==N 

CHj NH-NH— CH N NH-^H NH— N=CH 

known as C-Dihydrotetrazine, iNr,t;-Dihydrotetrazme, A/',s-Dihyd[ro- 
tetrazine, and C,iV-Dihydrotetrazme respectively. 

By oxidation the N,t;-dihydro-tetrazines easily pass into the corre- 
sponding tetrazines, from which they are also obtained by reduction. 
We may note the easy transformation of the N,?;-dihydrotetrazines 
into iV-aminotriazoles : 


N=CH-~NH N=CHv 

> . >N.NH,, 

N=CH—NH N=CH/ 

On heating with water or dilute acids the dihydrotetrazines are 
split up. The hydrolysis always takes place in such a manned that 
two nitrogen atoms, singly linked to each other, form hydrazine, and 
two doubly-linked N-atoms form free nitrogen: 

N H,N— NH, 

COaH.C< >C.COaH >C02H.C0aH COaH.COjH, 

\NH — NH^ HaN— NH, 

Bis-dJaco*acetic Acid. 

.N—NH. HaN— NHa 

COaH.C< >CH.COaH > COaH.CHO CHO COaH. 

\N=N— / Na 

Pseudo'diazo-acetic Acid. 

iV’,v-Dihydrotetrazme, light yellow prisms, m.p. 

126®, is formed by the reduction of tetrazine with SH.^. On fusion it 
transposes into iV-aminotriazole (see above). Mineral acids split it up 
into hydrazine and formic acid (B, 40 , 821). 

The foundation substances for the preparation of the simplest 
tetrazine and dihydrotetrazine derivatives are the polymerization 
products of diazo-acetic ester (B. 41 , 3161). Treatment of diazo- 
acetic ester with cold concentrated KHO produces the tri-potassium 
salt of C,iV-dihydrot6trazine dicarbozylic acid, pseudo-diazoacetic acid, 

.N— -NKv 

CO,K.C< from which the free acid has not yet been 

^N=N 

isolated. On heating with concentrated alkalies, ^s^«rfc-diazoacetic 
acid is transposed into iV',t;-Dihydrotetrazinedicarbozylic add, Bis^ 

diazoaceiic acid, CO,H.C^ ^C.CO,H, with displacement of an 

H-atom. This body can also be obtained direct by the action of con- 
centrated hot alkalies upon diazoacetic ester. Prolonged heating with 
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highly concentrated KHO converts isodiazoacetic acid into a mixture 
of iV-aminotriazole dicarboxylic acid and C-aminotriazole mono- 
carboxylic acid. On fusion, isodiazoacetic acid splits up into COg 
and dihydrotetrazine, which immediately transposes into iV-amino- 
triazole. 

iV’,v-Dihydro-C-diphenyltetrazine, consisting of yellow needles, 
m,p. 204°. This is produced by the action of excess of hydrazine 
upon benzimido-ether. 

The dihydro-derivative is converted into tetrazine by heating, by 
moderated oxidants, and even by the oxygen of the air. It can be 
regained from the tetrazine by reducing the latter with zinc dust and 
glacial acetic acid. If the body be boiled with these reagents, the reduc- 
tion extends further : ammonia and diphenyltriazole are produced. 
When dihydrodiphenyltetrazine is boiled with hydrochloric acid, it 
forms in part diphenyloxydiazole (p. 138) and in part it becomes the 
isomeric iV-aminodiphenyltriazole. 

iV,c-Tetraphenyl-s-di^dro-tetrazine, C2N4(CgH6)4, yellow needles, 
m.p. 204°, is formed from phenyl-nitro-formaldehydrazone with Na 
methylate. Also from benzaldehyde-phenyl-hydrazone or dihydro- 
benzd-phenyl-hydrazone with Na alcoholate and iodine (B. 84 , 
523). 

A/'-Tetraphenyl-hexahydro-tetrazine, (CgH6)2N2{CH2)2N2(C6H5)2, m.p. 
200°, from hydrazobenzene and formaldehyde (B. 81 , 3250; J. pr. Ch. 
[2], 65 , 97). A derivative of hexahydro-tetrazine is formed from 
phenyl-dibenzyl-carbazide carboxylic ester with alcoholic potash 
(B. 84 , 2311) : 

NCC.Hg)— NH—COOR N(CeHj)— NH--CO 

> . 

CO— N (C 7 H 7 )— NH (C 7 H 7 ) CO — N (C 7 H 7 ) — N (C 7 H 7 ) 

6. Substances consisting of polyhetero-atomic six-membered rings, 
which contain O- and S-members, in addition to nitrogen, are not very 
numerous. Some are produced in reactions similar to those in which 
the corresponding five-membered rings are formed. 

Just as the five-membered azoximes are prepared from the amid- 
oximes and carboxylic acid chlorides, so their corresponding six- 
membered ring homologues are prepared from amidoximes and a- 
chloro-fatty acids (B, 22 , 3161; 27 , 3353; 28 , 1374; 29 , 2656; 
31 , 2110) : 


C4H5C— NHa 

II + 

NOH 

Benzenylamidoxime. 


OHCO 

Clin, 

Chloracetic 

Acid. 


CeHgC— NH— CO 



Benzenylamidoxime>acetic Acid 
Isoanhydride, m.p. 148*. 


Benzo-derivatives of this ring are formed from the dinitro- 
phenol ethers of amidoximes by means of alkalies with a loss of an 
NOg-group: 


NO,C< 




-N. 


\ 


NO, H,N 




CCeHe 


KOH 


> NO.CeHj 


fO N 

Ink— cc,H 


(+NO,K). 
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The so-called oxo-diazines, formed by the condensation of tso-nitroso- 
ketones with aldoximes, are regarded as homologues of the azoximes 
(B. 40 , 4052) : 


CHj.CH : NOH + 


OC.CH, 

H0N;<!;.CH, 


N— C(OH) (CH,)— C . CH, 

> II II 

CH,.C O -N 

Hydroxy trimethyloxydiazine. 


The five-membered furazans or azoxazoles have corresponding 
six-membered azoxazine derivatives. The reduction of di-fso-nitroso- 
acetone dicarboxylic ester peroxide leads to oxy-azoxazine dicarboxylio 
ester : 


COjjRC — CO — CCOgR 

II II 

N— O— O— N 


COjRC— C(OH) =CCOaR 


N- 


-O NH 


from which a series of additional azoxazine compounds has been pre- 
pared (B. 26 , 999). 

The thiodiazines or diazothines are homologues of the thiO“[6,6i]- 
diazoles. An AT-phenyl-tetrahydrothiodiazinethione, melting at 94°, is 
formed in the condensation of phenylsulpho-carbazinic acid with 
ethylene bromide (B. 27 , 2516): 

SC SH BrCHg SC S CHg 

I + I > I I 

NH-— NHCeHg BrCHa NH— N(C6 Hb)— CH^ 

N -Phenyl-C-amino-keto-dihydro-thiodiazine, Phenyl-amino-pyrithi- 

OC.CH2.S . r 

aztnone, ^ m . r'/xriT ^-P* ^ 7 ^ > is formed by condensation of 

sulpho-cyano- acetic acid with phenyl-hydrazine (B. 83 , 1154). 

A six-membered ring with two S-members and one N-member 
is contained in the thialdines (see Vol. I.), obtained from the tri-thio- 
aldehydes by the action of ammonia. 


7. SEVEN, EIGHT-, AND MANY-MEMBERED HETEROCYCLIC 
SUBSTANCES. 

The tendency to form hetero-rings with more than six ring members 
is, as already mentioned, rare, as in the carboxylic compounds. Yet 
the variety of conditions which may give rise to hetero-rings enables, 
in some ca^es, hetero-rings of seven, eight, or more members to be 
formed. A systematic treatment of these only partly investigated 
substances is at present impracticable. A summary of compounds of 
this class is therefore here appended. 

I. Seven-membered Hetero-Rings. 

CH,-CH.-CH.v CH,-CH.-CH,v C.H,-COv 

CH,— CH,— CH»/ CH,— CH,— CO / C.H,— CO/ C.H,— CO/ 

HexaiBethylene-imine c-Caprolactam Diphenic Acid-anhydride 

(B. 88, 3091)*' (»• !)• (S* 537 ). 
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Imino-dib^ylj 
(A. 806 , xoo) 


CH,.NHXH, 


Kubens) 
06 , xoo) 


>«■ 


CH,.NHXH» 
Ethyleno-trimethylene- 
diamine (B. 82 , ao4x). 




rNH.CH.. . 

^•Mnh.ch^' 

0-Phenylene-trimcttiylene- 
ne (A. 887 , 220). 


(B.«, 95 S). 

CH..CH..N=v 

~ ■ ■ etramethyl< 

»(B. 86 , 338 ). 


o*r ^enylenemalonamide (A. 887 , 26). 


C.H, 


Ethenyl'tetnunethylene- 
amidine ( 


.h/^“ 

• *X r'TLI 


*\N(C,H,).NH/ 

i\^-Ethylhydrocarl> 
azo-styrii. 

(A« 801 , 282). 

c.h/ y 

\r.n 


' ’ ' Carbonyl-o^ -diaxnino- 

diphenyl (B. 84 , 333o)* 


CH, 

0-Xyiylene-mercaptal of 
Acetone (B. 84 , x775) 


■\CH,.N(C,H,)/ 


Carbonyl-o-aminobenzyl* 
phenyl-hydrazine 
(B. 27 , 2897). 


\C0.N(C,H,)/ 


Carbonyl-o-aminobenzoyl- 

phenyl-hydrazine 

(A. 801 , 93). 


CO— N(CeH5) 
Methyl-benzylketone-o-carboxylic acid 
phenyl-lactazam (B. 88, 966). 


c,h/ >N 

\co— o- 

Dcsoxybenzoln-o-carboxylic acid 
lactazone (B. 18 , 2449). 


Azo-diphenyl- 

methane 

(C. X903 I. 14x6). 


CH,— N(C,Hj)- 
CH,— N{C,H,)- 




Carbonyl-ethylene 
Diphenyl-hydrazine 
(A. 810, X56). 


CO— N(C,H,)— NH/ 

Carbonyl-phenylhydrazino- 
aceto-phenyl-h ydrazide 
(A. 810 , 87). 


2. Eight-membered Hetero-Rings. 


CH j . CHg , CHj . CO CHj . CH^NH . CH^ CeH^ NH . CO 


CHa.CH,XH,.NH 

iw-Sul^onoxime 
(Vol. I.). 


CH,.NH.CH,.CHa 

Bistrimethylone- 
diamine (B. 82 , 2038). 


NHXOXH,.CHa 

o-Phenylene-succin- 
amide (A. 827 , 21). 


CeHiNHXO 
NHXOXeH* 
amide^(A. 8I7, 41). 


Pbenylene-sulphonylide. 


C.H 




‘"‘ICO-NHr* 

Dianthranilide, 


rO— COl 

Wco-o}"««‘ 

Disalicylide. 


C.H.— N=CC,H, 
t.H.— N=CC.H, 

[Diphcaiyl-diphenoquin- 
oxalin (B. 20 , 1704). 


C.H. N=C(C.H.) 

C(C.H,) =N— C.H. 


CO.NH.NH.CO 

CO.NH.NH.CO 

Dioxalyldihydrazide (?) 
{]. pr, Ch. [j], 62 , a»3). 


3. Many-mbmbered Hetero-Rings. 


(CH.), 


/CO.NH 

'\C0.NH 


Sym. Sebacic acid hydrazide 
(Vol. I). 


yCO\ /CO.NH\^„ 

o-Amidoadfl and o-Pbenylenediaxnide 

of Mbacic acid (A. 827, X3). 


/CH,.NH.CH..CH,\ >N-~NH[4]CeH4 CH..CO.O.CH4.CH..O.CO.CH1 

C,H4< “XH.COjRCr . . 

\CH4.NH.CH4.CH4/ \N«N . [ 43 C 4 H 4 CHg.CO.O,CH4.CH,.O.CO.CH| 


o-Xylylenepentametbylone Cyclofonnazylcarboxylic Diethylene disuccinatf 

diamine (B. 81 , 1700). acid ester. (A* 880 , 169). 


(?) 
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Acetacetyl-pyridines, 174 
Acetacetyl-quinoline, 300 
Acetamino-pyromucio acid, x8 
Aceto>methyl-pyronoiid^arboxylic acid, 149 
Aceto-thienone, 25 

Acetonyl-methyl-isoxazolyl ketone, ioo_ 

Acetoxy-triphenyl-furan, 15 

Acetyl-amino-thiophen, 24 

Acetyl'carbazole, 71 

Acetyl-carbostyril, 200 

Acetyl-coumarone, 41 

Acetyl>diphenylene oxide, 69 

Aoetyl-furan, 17 

Acetyl'indoles, 49 

Acetyl-indoxyls, 56 

Acetyl-isatin, 6r 

Acetyl-lsindaxole, 97 

Acetyl-methyl-indazole, 96 

Acetyl-methyl-isindazole, 97 

Acetyl>methyl>penthiophen, 157 

Acetyl-methyl-pyrazole, 81 

Acetyl-methyI-P3^azole-carboxylic ester, 82 

Acetyl'methyl-toliminazole, no 

Acctyl-phenyl-isindazole, 97 

Acetyl-phenyl-methyl-furan, 17 

Acetyl-phenyl-pyrazole, 81 

Acetyl-phenyl-pyraxoline, 84 

Acetyl-phenyl-jpryazoline-dicarboxylic ester, 85 

Acetyl-pipeddme, 184 

Aceytl-pyraxole, 75 

Acetyl-pyrrole, N-, 29 

Acetyl-quinaldme, 200 

Acridic acid, 2x9 

Acridine, 2x9, 22X 

— — yellow, 22X 

Acridinic acid, 202 

Acridone, 222 

Acridyl-benzoic acid, 220 

Acyloxy-chloro-aceto-phenones, 43 

Acyloxy-coumarones, 43 

Adenine, 276 

Aldehydine, 167 

Aldehydo-pyromucic acid, x8 

Alizarin blue, 208 

Alkaloids. 293, 226 

Alkyl-acridimum compounds, 221 

Alkyl-benxal-doxixnes, xo 

Alkyl-cinohoninic acids, 20z 

Alkyl-dioxindoles, 60 

Alkyl-pyrroles, C, 

Alkyl-pyrroles, 29 
AUyl-amino-methyl-pentoxazoline, 360 
Allyl-amino-triazosulpholes, X43 
AUyl-indole, N, 93 
Allyl-piperidine, 183, x86 
Amarine, xo7 
Amlno-antipyrine, 89 
Amino-bensothiazole, X2X 
Amino-benxoxazole, xx6 
Amino-ooumaran, 42 
Amino'-cyaiiidixLe, 303 
Amixio-die^^dacoTe, X32 
Amino-diisetbid-indaxole, 96 
Amino-dimethyl-osotciacol^ 123 


Amino-dimethyl-pyrimidine, 276 
Amino-dimethyl-triazol^ 132 
Amino-dlphenyl-cyanidine, 303 
Amino-diphenyl-osotriazole, 123 
Amino-diphenyl-pyrro-diazole, 127 
Amino-diphenyl-triazine, 303 
Amino-diphenyl-triazole, 13a 
Amino-ethyl-giyoxaline, 106 
Amino-ethyl-mdole, 55 
Amino-furan, ix 
Amino-guanazole, 134 
Amino-hydroxy-dimethyl-pyrimidine, 276 
Amino-hydroxy-methyl-ethyl-pyrimidine, 276 
Amino-hydroxy-methyl-pyrimidine, 376 
Amino-hydroxy-phenyl-pynmidine, 276 
Amlno-hydroxy-thiopyrimidine, 276 
Amino-indazoles, 96 
Amino-indole, 54 
Amino-ironitroso-isoxazolone, xoi 
Amino-lepidone, X99 
Amino-lutidine, x7o 
Amino-lutidine-dicarboxylic acid, 179 
Amino-methyl-diethyl-pyrimidine, 276 
Amino-methyl-^lyoxaline mercaptan, 105 
Amino-methyl-mdazole, 96 
Amino-methyl-indole, 54 
Amino-methyl-oxazoline, 114 
Amino-methyl-pyro-diazole, 127 
Amino-methyl- thiazole, 117 
Amlno-methyl-thiazolc-carboxylic ester, ri8 
Amino-methyl- triaxole, X3X 
Amino-naphtho-phenazine, 395 
Amino-nicotinic acid, X75 
Amino-osotriazole, 123 
Amino-oxazoline, 1x4 
Amino-oxindole, 60 
Amino-phcnanthro-triazine, 304 
Amino-phenazines, 294, 395 
Amino-phenothiazimes, 267 
Amino-phenyl-benziminazole, X09 
Amino-phenyl-benzinduline, 298 
Amino-pheayl-dibciizyl-pyriiiiMiine, 276 
Amino-phonyl-indole, 54 
Amino-phenyl-isoxazole, 99 
Amino-phenyl-keto-dihydio-thiodiazinc, 309 
Amino-phenyl-methyl-ethyl-pyrazole, 80 
Amino-phftnyl-methyl-osotriazole, 123 
Amino-phenyl-methyl-pyrazolone, 86 
Amino-phenyl-methyl-pyrro-diazolc, X27J 
Amlno-phenyl-methyl-quinollne, X95 
Amino-phenyl-oxazoline, xx 5 
Amino-phenyl-pjnidine, x 67 
Amino-phenyl-pyrithia^one. 309 
Amino-phenyl-p5nTO-diazole, 127 
Amino-phenyl-pyrro-diazole-carboxylic ethyl ester, 

127 

Amino-phenyl-quinoline, 197 
Amino-phenyl- miazoie, X17 
Amino-phenyl- toluoxazole, 115 
Amino-phenyl- tolu thiazole, X 20 
Amino-phenyl-triazole, X3X 
Amino-phenyl-ur^le, 

Amino-'pyrazole, 79 
Amino-pyridines, 170 
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Amino*pyriiziidine, 376 
Amino-pyromucic ester, x 8 
Amino'pyrrodiacoles, 127 
Amioo*p3rrroJes, 33 
Amino- quinaldines, 197 
AminoM]uinoline8, 196, 197 
Amino-quinoxaline-cai^xylic acid, 388 
Amino-tetramethyl-pyrrolidine, 38 
Amino- tetrazole, 14^ 

Amino-tetrazotic acid, 145 

Amino-thiazole-carboxyUc acid, zx8 

Amino- thiazoles, 1x7 

Amlno-thio-diphenylamine, 266 

Amino-thionaphthto, 46 

Amino-thionaphtben-carboxylic acid, 46 

Amino-thiophen, 24 

Amino-triazole-carboxyiic acid; X32 

Amino- triazole-dicarboxylic acid, 132 

Amino-triazoles, 13X 

Amino- triazosulphole, X43 

Amino-trimethyl-piperidines, X85 

Amino-trimethyl-p3^azole, 79 

Amino-urazole, X34 

Ammelide, 303 

AmmoncheRdonic acid, X78 

Anagyrine, 230 

Aftagyris fcettda, 230 

Analgene, 197 

^««-quindoline, 217 

Ana-quindoline-carboxylic acid, 218 

Anhydro-bases, 119 

Anhydro-ecgonine, 237 

Anilmo-benziminazoiine, 1x2 

Anilino-benzothiazole, 121 

Anilino-benzoxazole, 116 

Anilino-diphenyl-dihydro- triazole, x 3 1 

Anilino-methyl-pentoxazoline, 260 

Anilino-methyl-pynro-[ab]-diazole, 127 

Anilino-methyl-thiazoline, 119 

Anilino-methyl-triazole, 127 

Anilino-phenyl-i5oquinoline, 212 

Anilino-pheuyl-phenoxazime, 264 

Anilino-phenyl-pyrro-diazole, 127 

Anilino-phenyl-tetrazole, 146 

Anilino-phenyl-triazole, 131 

Anilino-phenyl-urazole, 134 

Anilino-pyridine, 170 

Anilino-pyrine, 89 

Anilino-pyrro-diazole, 127 

Anilino-pyCTo-diazolecarboxylic ethyl ester, 127 

Anilino-quinoline, 197 

Aniluvitoninic acid, 201 

Anisyl-tetrazole, X45 

Anthra-di-isoxazole, X02 

Anthranil, xox 

Anthrapyridine quinone, 224 

Anthrapyridines, 224 

Anthra-quinoline, 208 

Anthra-quinone-azine, 292 

Anthra-quinone-qulnolines, 208 

Anthrazine, 392 

Anthro-isoxazole, X02 

Antipyrine, 87, 90 

Apigenin, X53 

Apiin, X53 

Apo-atropine, 233 

Apocyanmcs, 193 

Apo-morphlne, 247 

Apophyllenic acid, 177 

Apo-safranine, 298 

Apo-safranone, 299 

Areca caUchu, 229 

Arecaidine, 229 

Arecaine, 229 

Arecoline, 229 

Aryl-dioxindoles, 60 

Airopa belladonna, 233 

Atropamine, 233 

Atropine, 233 

Azi-methylene, xo 

Azimido-oenzene, X38 

Azimidols, X38 

Azimino-l^nzenes, X37 

Azines, 258 

Azocarnune, 399 


“ Azodiphenylene,” 29X 
Azo-indazole, 97 
Azo'lepidine, X97 
Azoles, 73 
Azo-quinoline, X97 
Azosulphime anilides, X39 
Azosulphimes, X39 
Azo-tetrazole, X46 
“ Azothionium ” salts, 266 
Azoxazoles, 135 
Azoximes, 137 
Azoximthiocarbinols, X37 
Azulmic acid, xi 

Benzal'Oxindoi.h, 60 
Benzal-pyrazolone, 86 
Benzanthrone-quinoline, 308 
Benzene-azo-lutidine, 170 
Benzene-azo-methyl-indole, 53 
Benzene-azo-phenyl-indole, 53 
Benzene-azo-quinoline, 197 
Benzene-hydrazo-quinoline, X97 
Benzenyl-azoxime-thio-carbinol, X37 
Benzenyl-carbonyl-azoxime, 137 
Benzenyl-tetrazolic acid, 145 
Benzilam, 1 14 
Benzilo-tropeine, 234 
Benziminazole, 109 
Benziminazole-dicarboxylic acid, no 
Benzimin azoles, 108 
Benzimin azolines, in 
Benziminazolinols, in 
Benzimin azolone, na 
Benzindulihe, 298 
Benzisothiazole, 120 
Benzisoxazole group, loi 
Benzo-azimidol, 128 
Benzo-bis-imin azoles, in 

Benzo-bis-phenyl-pyrazolone-dicarboxylic acid, 
Benzo-dihydro-thiazine anil, 265 
Benzo-dihydro-thio-metoxazine, 260 
I Benzo-dihydro-thiothiazine, 265 
; Benzo-flavine, 321 
i Benzo-glyoxalines, 108 
I Benzole-mdone, 299 
Benzo-metathiazine, 265 
Benzo-metoxazones, 260 
Benzo-morpholine, 261 
Benzo-morpholone, 262 
Benzo-orthodiazines, 271 
Benzo-orthoxazinone, 259 
Benzo-paradiazines, 285 
Benzo-paroxazine, 261 
Benzo-phenone sulphide, 158 
I Benzo-phenone-sulphone, 158 
I Benzo-pyranols, 15 1 
Benzo-pyrazolone, 98 
Benzo-pyrone, 151, 152, 153 
Benzo-pyrrodiazoles, 127 
Benzo-thiazole, X20 
Benzo-thiazole-carboxylic acid, 121 
Benzo-thiazoles, xx9 
! Benzo-thiophen, 44 
i Benzoxazoles. X13 
' Benzoyl-coniine, 228 
I Benzoyl-coumarone, 42 
Benzoyl-furan, x7 
Benzoyl-indoline, 58 
Benzoyl-isatin, 6x 
Benzoyl-methyl-toliminazole, xio 
Benzoyl-phenyl-hydrazl-methylene, xo 
Benzoyl-phcnyl-pyrazole, 8x 
Benzoyl-piperidine, X84 
I Benzoyl-pyrazole, 75 
Benzoyl-pyrrole, N-, 29 
Benzoyl-pyrrolidine, 36 
Benzoyl-tetrahydro-isoqumoline, 2x4 
Benzoyl-tropine, 236 
Benzoylene-benziminazole, xxx 
Benzyl-acridine, 220 
Benzyl-dihydro-isoquinoline, 2x4 
Benzyl-^phenyl-dihydro-pyrazine, 234 
Benzyl-indazole, 96 
Benzyl-isoquinolines, 21 x 
Benzyl-pheno-dihydro-triazine, 305 
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Benzyl-phthalazine, 973 
Benzyl-phtbalazone, 273 
B«n*yl-piperidine, 183 
Benzyl'pip^diae oxide, 183 
Beazyl*p}rridiiies, 167 
Benzylene^benziminagole, ixo 
Benzylene-i/r-thiourea, 265 
Benzylidene-amino- triazole, 132 
Benzylidene*dilepidiiie, 194 
Benzylidene>diquiiialdine, 194. 
Benzylidene-methyl-dihydropyridines, 167 
Benzylidene-methyl-isoxazolones, 100 
Benzylidene-nitro-acetophenone, 66 
Benzylidin*lepidine, 194 
Benzylidine-quinaldiDe, 194 
Benzylol-picoline; 174 
Berbk'al, 256 
Qerberinal, 256 
Perbeiine, 255 

synthesis of, 234 

Berberis vulgaris, 255 
Berberonic acid, 178 
Berberubin, 257 
Betaines, 11 

Bipbenyl-methalolide, 152 
Bis-benziminazoles, iii 
Bis-benzothiazole, Z2X 
Bis-coumaran-dione, 44 
Bis-diazoacetic acid, 307 
Bis-glyoxalidine, 107 
Bis-glyoxaline, 104 
Bis-hydroxy-tetrazole, 146 
Bis-tetrazole, 145 
Bis-thio-indoxyi, 48 
Bis- tri azole, 132 
Brilliant indigo, 68 
Bromo-acridine, 222 
Bromo-coumaranone, 43 
Bromo-coumarones, 41 ' 
Bromo-ethyl-pyridine, 173 
Bromo-furan, 14 

Bromo-hydroxy-thionaphthen , 4 5 
Bromo-methyl-ftirfural, 17 
Bromo-methyl-oso triazole, 123 
Bromo-methyl-pyrazole, 79 
Bromo-nitro-coumarone, 41 
Bromo-phenyl-pyrimidine, 277 
Bromo-pyrazole, 79 
Bromo-pyridines, i6p 
Bromopyromucic acids, 18 
Bromo-pyrone, 149 
Bromo-quinolines, 196 
Bromo-tetrazole, 145 
Bromo-thiazole, 117 
Bromo-thiophen, 23 
Bromo-triazole, 131 
Bromo-triphenyl-pyrazole, 79 
Brucic acid, 24s 
Brucine, 245 

oxide, 245 

peroxide, 245 

Brucinolic acid, 245 
Brucinolone, 245 
Brucinonic acid, 245 
Bulbocapnine, 258 

Cacothelinb, 246 
Canadine, 256 
Cannahis saliva, 229 
Capri blue, 264 
Carbazole, 70 

blue, 71 

Carbindigo, 2x3 
Carbo-cinchomeronic acid, 178 
Carbo-p3^otritartaric acid, 19 
Carbonyl-amino-phenol, 1x6 
Carbonylazoximes, X37 
Carbonyl-pyrrole. N-, 29 
Carbonyl-thiocarbanilide, X2 
Carbostyril, 198 
Carboxylic acids of furan, x8 
Carlina oxide, 15 
Cevadine, 246 
Cevine, 346 
Chelidainic acid, 178 


Chelidonio acid, 15c 
Chelidontummajus, 150 
Cbloracridinium, 222 
Chloro-aoetyl-indazole, 97 
Chloro-acridine, 222 
Chloro-benzothiazole, 120 
Chloro-benzyl-indazole, 97 
Chloro-bromo-indole, 53 
Chloro-carbazoles, 7x 
Chloro-cinnoline, 273 
Chloro-codide, 248 
Chloro-copazoline, 281 
Chloro-dimethyl-glyoxaline, 105 
Chloro-dimethyl-nicotinic acid, 176 
Chloro-dimethyl-py^idines, 276 
Chloro-dimethyl-quinoline, 52 
Chloro-diphenyl-cyanide, 303 
Chloro-diphenyl-triazole, 131 
Chloro-hydroxy-isoquinoline, 212 
Chloro-hydroxy-phenoxazone, 264 
Chloro-indazole, 97 
Chloro-indole, 53 
Chloro-tsobutyl-phthalazine, 273 
Chlororisoguinollnes, 212 
Chloro-lepidine, 52 
Chloro-lutidine, 169 

dicarboxylic acid, 179 

Chloro-methyl-furfural, 17 
Chloro-methyl-glyoxaline, 105 
Chloro-methyl-indazole, 97 
Chloro-methyl-osotriazole, 123 
Chloro-methyl-phenyl-pyrimidine, 276 
Chloro-methyl-phthalazme, 273 
Chloro-methyl-pyrro-diazole, 125 
Chloro-methyl-triazole, 131 
Chloro-nicotinic acid, 175 
Chloro-phenanthridine, 216 
Chloro-phenyl-Moquinolines, 212 
Chloro-phenyl-methyl-pyrazole, 79 
Chloro-phenyl-mustard oil, 120 
Chloro-phenyl-pyrazoles, 79 
Chloro-phenyl-pyrazolone, 93 
Chloro-phenyl-pyridine, 169 
Chloro-phenyl-pyrimidine, 277 
Chloro-phenyl-py^o-diazole, 125 
Chloro-phenyl-quinazoline, 278 
Chloro-phenyl-triazine, 303 
Chloro-phenyl- triazole, 131 
Chloro-phthalazme, 272 
Chloro-propyl-phthalazine, 272 
Chloro-pyrazole, 79 
Chloro-pyridine, 28 
Chloro-pyridines, 169 
Chloro-quinaldine, 52 
Chloro-quinazolines, 278 
Chloro-quinolines, 196 
Chloro-miazole, 117 
Cbloro-thiopben, 23 
Chloro- triazole, X3X 
Chloro-tribromo-pyrrole, 32 
Chromone, 152, 153 
Chrys^iline, 22 x 
Chrysin, 153 
Ciba blue, 68 

scarlet, 45 

violet, 63 

Cincboloiponic acid, 24X 

synthesis of, 241 

Cinchomeronic acid, 176 
Cinchomeronimide, 177 
Cinchomeronimidine, 177 
Cinchomeryl-glycine ester, 177 
Qncbona bark, 239 
. bases, 2; 

Ive decomposition of the, 241 
Cinchona Calisaya, 239 

Huanaco, 240 

lancifolia, 239 

PUayensis, 239 

Cinchonic acid, 176 
Cinchonidine, 240 
Cinchonine, 240 

group of alkaloids, 239 

Cinchoninic acid, 20X 
Cinchotoxine, 242 
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CbmamoYl'pvrroles, 33 
CiQnamyI*tollaainagole» zxo 
Ciimolines, a7x 
Citraxinic aoid» X79 
CUrvs intrarUium, 37 
Cocarne. 336 
Codeine, 347 
Codeinone, 348 
Cceroxenes, 136 
CoBTulein, 157 
Collidine, 167 

Collidine^carboxylic acid, 178 
Comanic acid, 150 
Comenamic acid, 179 
Comenic acid, 150 
Condensed quinolines, 206 
Conhydrine, 228 
Coniceines, z8x, 229 
Coniine, 226, 228 
Conium maculaium, 226 
Conyl urethane, 228 
Conyrine, 167 
Copazoline, 281 
Copellidine, 184 
Copyrine, 177 
Corybulbine, 258 
Corydaldine, 258 
Corydaline, 257 
Corydalis cava, 257 
Corydine, 258 
Corytubedne, 258 
Cotamine, 351 

and narcotine, synthesis of, 354 

Coumalic acid, 148 
Coumalin, 148 
Coumaran, 42 

Coumaran-carboxylic acid, 42 
Coumarandione, ^3 

Coumarandione’dimethylamino-anll, 44 

Coumaranone-carboxylic ester, 43 

Coumaranones, 42 

Coumarilic acid, 42 

Coumarins, 15 1 

Coumarone, 40 

group, 39 

resins, 40 

Cumazonic acids, 260 
Cumylene diazosulphide, 142 
Cupreine, 241 
Cyanalkines, 276 
Cyancthine, 276 
Cyanines, 193 

Cyano>alkyMihydro<acridines, 222 
Cyano-benzyline, 276 
Cyano-coniine, 275 
Cyano>methine, 276 
Cyano-phenyl-^azole, 123 
Cyano-p3rrrole, N-, 29 
CyanphMiine, 303 
Cyanthrene, 208 
Cyanuric acid, 303 

Cyc/odiphenylene*tetrazoliuin chloride carboxylic 
ester, 147 
Cytisine, 230 
Cytisolidine, 230 
Cytisoline, 330 
Cytisus, 230 

Datura stramonium, 233 
Deoahydro-acridin^ione, 223 
t>ecahydro>c|uinolines, 205 
Dehydracetic acid, 149 
Dehydraceto-carboxyiic acid, X49 
Dehydro-corydalinc, 257 
Dehydro-indigo, 69 
Dehydrooquinacridone, 324 
Dehydro'tniotoluidine, X 30 
Desoxy-strychnine, 245 
DiacetyMndpxyl, 56 
DiacetyMutidine, X74 
Diaoetyl-znethyl'pyrazole, 8x 
Diaoetyl'phenyl'pyraxole, 81 
' JuUne. 303 

dtoxy-pyrlmidin 

Diaxnino< 4 iiiiethyl>aoridine, ai 


Diamlno^phenylene oxide, 69 
Diamino-hitidine, 170 
Diamino-nicotinic acid, 175 
Diamino-pbenazone, 374 
Oiamino-phenyl-aciidine, 33 z 
Diamino-phenyl-osolxiazole, X33 
Diamino-pyrazole, 79 
Diamino-ouinoxaline, 288 
Diamino-uiio-diphenylainine, 366 
Diamino- thiopyrimicune, 276 
Diazo-acetic acid ester anhydride, 130 
ester, ix 

Diazo-acetyl-aoetone-anhydride, 139 
Diazo-amino-pyridine, 170 
Diazo-benzoyl-acetone-anbydride, 139 
Diazo-indazole, 96 
Diazo-methane, xo 
Diazo-methane^disulphonic acid, xi 
Diazo-propionic ester, xi 
Diazo-pyrroles, 33 
Diazo-succinic ester, xx 
Diazo-tetrazole, X45 
Diazo-tetronic acid anhydride, 139 
Diazo-thiazole hydrate, xx7 
Dibenzene-sulphonyl-methylene-phenylene-dia- 
mine, xxi 

Dibenzenyl-azoselenime, X39 
Dibenzenyl-azosulphime, 139 
Dibenzenyl-azoxime, 137 
Dibenzo-furan, 69 
Dibenzo-paradiadnes, 289 
Dibenzo-paroxazine, 262 
Dibenzo-pyridazine, 273 
Dibenzo-pyrrole, 70 
Dibenzo-thiophen, 70 
Dibenzoyl-furan, 17 
Dibenzoyl-furazan, 135 
Dibenzoyl-furoxan, X36 
Dibenzyl-diphenyl-dihydro-pyrazine, 284 
Dibenzyl-indoxyl, 56 
Dibenzyl-isazoxime, 138 
Dibenzyl-piperazine, 285 
Dibenzyl-pyridine, 167 
Dibromo-coumaranones, 43 
Dibromo-dinitro-pyrrole, 32 
Dibromo-diphenylene oxide, 69 
Dibromo-f ormal- tetrazyl-hydrazonc, x 46 
Dibromo-furoxans, 136 
Dibromo-indigo, 68 

Dibromo-keto-dihydro-thionaphthen, 45 
Dibromo-nicotine, 231 
Dibromo-pyridazone, 270 
Dibromo-pyrone, 149 
Dibromo-thiophen, 23 
Dibromo-triacetone-amine, 185 
Dichloro-dibromo-jpyrrole, 33 
Dichloro-dinicotinic acid ester, 179 
Dichloro-furoxans, 136 
Dichloro-indole, 53 
Dichloro-isonicotinio acid, x79 
Dichloro-tsoquinolines, 213 
Dichloro-metbyl-dimethyl-indolenine, 53 
Dichloro-methyl-ethyl-pyrimldine, 276 
Dlchloro-phenyl-pyrazole, 79 
Dichloro-phenyl-triazole, 13X 
Dichloro-pyridine, 169 
Dichloro-q^azollne, 378 ^ 

Dichloro-quinoline, 196 
Dichloro-iminoxaline, 388 
Dichloro-tniophen, 23 
Dicoumaryl ketone, 42 
Didecyl-furodiazole, X38 
Diethenyl-azoxime, 137 
Diethoxy-cbloro-cyazudlnes, 303 
Diethyl-furo-diazole, X38 
Diethyl-indolenine-carboxylic acid, 35 
Diethyl-triazole, X30 
Difurmr-propioodc acid, 17 
Difurfur-succinic acid, 17 
Difurfural- triacetophenone, x 6 
Difuryl-triazole, 130 
Dihydro-aoridine, 33 z 
Dihydro-anthraquinone-azine, 393 
Dihydzo-areoaidlne, 139 
Dihydro-cinnoline, 37a 
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Dihydro-coomarone, 4a 
Dihydnh>furan, ao 

derivatives, ao 

Dihydro-furan-dicarboxylic acid, 19, ao 
Dihydro-glyoxalines, zo 
Dihydro-IsoquinoUnes, 2x4 
Dibydro-methyl-indole, 58 
Dihydro-naphthinoline, ax7 
Dihydro>oza£oles, 1x4 
Dihydro>ozydiasole, X38 
Dihydxo>phenaiithridine, 2x6 
Dihydro-pheaaaone, 273 
Dibydro^pyrroles, 2 : 3,' 36 

a : 5» 36 

Dibydio-quinacridine, 224 
Dih]rdio>qumaldine, 203 
Dihydro-quiaaroline, 279 
DihydrO’quinoUnes, 203 
Dihydro^trychnin^ 245 
Dihydro-strychnoline, 245 
Dihydro'tetrazine, ^07 
Dih3rdro-tetrazine-dicarboxylic acids, 307 
Dihydro- thiazoles, 1x8 
Dihydro-thiodiaaole, X40 
Dihydroxy-anthraquiaone-quinoline, 208 
Dihydroxy-copaaolioe, 28X 
Dihydroxy-coumaranone, 43 
Dihydroxy-dimethyl-pyrimidine, 276 
Dibydroxy-dinicotinic acid, X79 
Dibydroxy-dipbenyl-tetrazolium betaine, X47 
Dihydroxy-flavone, 153 
Dibydroxy-flavonol, 154 
Dihydroxy-methyl-cyanidinej 303 
Dlbydroxy-methyl-isonicotinic acid, 179 
Dihydroxy-metbyl-triazine, 304 
Dihydroxy-nicotinic acid, i79 
Dihydroxy-picoline-carboxylic acid, 179 
Dihydroxy-picolinic acid, X79 
Dihydroxy-pyridines, 172 
Dibydroxy-quinolines, 200 
Dihydroxy- toio-cyanidine, 303 
Dihydroxy-xanthones, X56 
Di-imino-urazole, X34 
Di-indogen, 57 
Di-indoxyl, 69 
Di-iodo-dinitro-pyrrole, 3a 
Di-iodo-furan, X4 
Di-iodo-furoxans, X36 
Di-isobutyl-furo-diazole, 138 
Di-isopropyl-furo-diazole, X38 
Diketo-dmydro-tbionaphtben, 46 
Diketo-hydropyrlndene-carboxylic ester, 198 
Diketo-julolidine, 206 
Diketo-pentbiazolidine, 265 
Diketo - phenyl - pyrrolidine carboxylic ester, 

D^eto-piperazines, 385 
Diketo-pyrazolidine, 93 
Diketo-tetrabydro-furan-dicarboxylic acid, ao 
Diketo-tetrabydro-pyrldazine, 27X 
Diketo-tetrahydro-quinazoline, 281 
Diketo-tetrabydro-tniazole, 1x9 
Diketo-triazoHdine, X33 
Dilepidone, xpo 

Dimetboxy-chforo-oyanidines. 303 
Dimetboxy-dihydro-isoqninoline, 2x5 
Dimethoxy-isoquinoline, axx 
Dimetbyl-acridone, 223 
Dimethyi-axoino-antipyrine, 89 
Dimethyl-amino-pbenyl-acridine, aao 
Dimetbyl-azi-etbane, xx 
Dimethyl-benzizninazolinol, xxa 
Dimetbyl-benzo-difuran-dicarboxylic ester, 44 
Dimethyl-benzyl-dibydro-acridines, aax 
Diznethyl-bisfnro-diazole, X38 
Dimetbyl-bisthio-diazole, 140 
Dimetbyl-oarbazole, 71 
Dimethyl-coumalic acid, X48 
Dimethyl-ooumalin, X48 
Dimethyl-ooumarone, 4X, 43 
Dimethyl-diacetyl-pyrrole, 24 
Dimediyl-diainiiio-tolaph^azine, 295 
Dimethyl-dibenzoyl-osotetrazine, 306 
Dimetiiyl-diethyl-pyrrole, 31 
Dinaethyl-dibydro^oquinoline, 2x4 


Dimethyl • dihydro - pyridasine*dioarboxylio ester 
270 

DicMthyl-dihydco-quinaldiae, 203 
Dimethyl-dihydro-quinoUne, 303 
Dimethyl-ethyl-dihydro-acridines, aai 
Dimethyl-ethyl-indolenine, 53 
Dimethyl-ethyl-pyrrole, 31 
Dtmethyl-furan, X4 
Dimethyl-furan-carboxylic acid, 19 
Dimethyl-furan-dicarboxylic acid, X9 
Dioaethyl-furazan, X35 
Dimethyl-furoxan, 136 
Dimethyl-glyoxalines, X04 

Dimethyl-hydroxy-pyrldine-carboxylic acid, 178 
Dimethyl-indazole, 96 
Dimethyl-indazole-azo-mesitylene, 96 
Dimethyl-indigo, N-, 68 
Dimethyl-indole, 52 
Dimethyl-indole-carboxylic acid, 55 
Dimethyl-indolenine, 59 
Dimethyl-indolines, 59 
Dimethyl-indolinone, 59 
Dimethyl-isindazole, 97 
Dimediyl-isoxazolone, xox 
Dimethyl-naphtho-phenoxazime chloride, 364 
Dimethyl-nicotinic acid, X76 
Dimethyl-osotriazole, X23 
Dimethyl-oxazole, X13 
Dimethyl-oxazolidine, XX4 
Dimethyl-oxydiazole, X38 
Dimethyl-oxypyridme, 172 
Dimethyl-phenazine, 29X 
Dimethyl-phenazone, 374 
Dimethyl-phenoxazine, 262 
Dimethyl-phenyl-dihydro-acridines, 221 
Dimethyl-piperazine, 28 s 
Dimethyl-piperideine, 181 
Dimethyl-piperidine, 184 
Dimethyl-pyrazine-dicarboxylic acid, 283 
Dimethyl-pyrazines, 283 
Dimethyl-pyrazole, 77 
Dimethyl-pyrazole-carboxylic acid, 82 
Dimethyl-pyridazine, 269 
Dimethyl-pyridazine-dicarboxylic ester, 369 
Dimethyl-pyridine- tricarboxylic acid, X78 
Dimethyl-pyridines, x67 
Dimethyl-pyridone, 171 
Dimethyl-p3n:imidines, 275 
Dimethyl-pyrono, 148, 149 
Dim^thyl-pyrone-carboxylic acid^ 148 
Dimethyl-pyrone-dicarboxylic acid, X50 
Dimethyl-pyrrole-aldehyde, 33 
Dimethyl-pyrrole-carboxylic acid, 35 
Dimethyl-pyrrole-dicarboxylic acid, 35 
Dimethyl-pyrroles, 30 
Dimethyl-pyrrolidine, 37 
Dimethyl-pyrryl-propionic acid, 35 
Dimethyl-quinazoline, 278 
Dimethyl-quinolines, 194 
Dimethyl-quinoxaline, 387 
Dimethyl-quinoxalone, 289 
Dimethyl-^eno-diazole, X40 
Dimethyl-selenopben, 26 
Dimethyl-tetrahydro-isoquinolinc, 2x5 
Dimethyl-tetrahydro-pyrone-dicarboxylic diethy 1 
esters, 15X .. 

Dimethyl- thiazole, 117 
Dimethyl-thienyl-carbinol, 24 
Dimethyl-thio-diazole, X40 
Dimethyl-thiophens, 23 
Dimethyl- tolixninazoles, xxo 
Dimethyl-toluqolnoxai^e, 287 
Dimethyl-triazole, Z30 
Dimethyl-xanthene, X5S 
Dimethylol-coUidine, X73 
Dimethylol-lepidine, 194 
Dimethylol-lutidine, X73 
Dimethylol-picoline, X73 
Dimethylol-qulnaldi^e, X94 
DinaphthaczKUnes, 220 
« Dinaphthacridone, 323 
Dinaphthazo-thione, 268 
Dinaphtho-pyrroles, 7x 
Dinaphtho-tmophen, 70 
Dinaphtbo-xanthene, 155 
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Dinaphtbo-xanthones, 156 
Dinaphtho-xanthydrol, X5S 
Dinicotinic acid, 177 
Dinitro-dimetbyl indasoles, 96 
Dinltro-diphenyl diacetylene, 66 
Dinitro-diphenylene oxide, 69 
Dinitro’fnran, 14 
Dinitro-hydroxy-pyridine, 169 
Dinitro-indole, 53 
DinitrO’methyl indazoles, 96 
Dinitro-phenoxazine, 262 
Dinitro-phenylpyridine, z68 
Dinitro-piperazine, 285 
Dinitro'pyrrole, 32 
Dinitro'thio-diphenylamine, 266 
Dinitro’thiophen, 24 
Dioxindole, 60 
Dioxy-copyrine, 177 
Dioxy-copyrine-carboxylic ester, 177 
Dipen tadecyl'inro-diazole, 138 
Diphenantbacridine, 220 
Diphenylamine sulphoxide, 266 
Diphenylamino-pheno-dihydro-triazinc, 305 
Diphenyl-benzo-pyranol, 152 
Diphenyl-bisfuro-diazole, 138 
Diphenyl-bisthio-diazole, 140 
Diphenyl-cinchonlnic acid, 201 
Diphenyl-cyanidine, 302 
Diphenyl-dlacipiperazine, 285 
Diphenyl-dihydrazi-methylene, 10 
Diphenyl-dihydrofuran, 20 
Diphenyl-dihydro-phenazine, 294 
Diphenyl-dihydro-pyrazine, 284 
Diphenyl-dihydro-quinoxaline, 288 
Diphenyl-dihydro-tetrazine, 308 
Diphenyl-diketo-hexahydro'triazine, 304 
Diphenyl-diketo-piperazine, 285 
Diphenyl-dimethyl-cinchoninic acid, 201 
Diphenyl«<Uinethyl-dibydro-pyrazine, 284 
Diphenyl-dimethyl-pyrazine, 283 
Diphenyl-dimethyl tetrahydropyrone, 151 
Diphenyl-^ndanilino-dihydro- triazole, 131 
Diphenyl-fluorindine, 301 
Diphenyl-furan, 14 
Diphenyl-furazan, 135 
Diphenyl-furoxan, 136 
Diphenyl-glyoxaline-mercaptan, 105 
Diphenyl-glyoxalines, 105 
Diphenyl-hexahydro-pyrunidme, 277 
Diphenyl-hydropyrindene, 198 
Diphenyl-iminazolone, X07 
Diphenyl-keto-dihydro-pyrazine, 284 
Diphenyl-keto-tetrahydro-triazines, 304 
Diphenyl-methane-sulphone, 158 
Diphenyl-methyl-benzeneazo-pyrazolc, 80 
Diphenyl-methyl-cyanidine, ^02 
Diphenyl-mcthyl-dihydro-qumoxaline, 289 
Diphenyl-methyl-oxazole, 113 
Diphenyl-naphtho-a-dihydro-triazine, 305 
Diphenyl-osotetrazine, 306 
Diphenyl -osotriazole, 123 
Diphenyl-oxazoles, 114 
Diphenyl-oxydiazole, 138 
Diphenyl -pi^azine, 285 
Diphenyl-piperidine, X84 
Diphenyl-pyrazines, 283 
Diphenyl-pyrazole, 78 
Diphenyl-pyrazole-carboxylic acid, 83 
Diphenyl-pyrazolone, 87, ^ 

Diphenyl-pyridazine, 269 
Diphenyl-pyridine, 168 

carboxylic acid, 176 

Diphenyl-p3^one, 171 
Diphenyl-pyrrole-dicarboxylic ester, 35 
Diphenyl-pyrone, X50 
Diphenyl-pyrro-diazole, 123, 130 
Diphenyl-pyrro-triazoles, 145 
Diphenyl-pyrrole-carboxylic acid, 35 
Diphenyl-quinoxaline, 287 
Diphenyl-seleno-diazole, 140 
Diphenyl-sulphonone-dihydro-pyrazine, 284 
Diphenyl- tetrahydro-pyione, 151 
Diphenyl-tetrahydro-pyrone^carboxylic diethyl 
esters, 151 

Diphenyl-tetrahydro-quinoxaline, 289 


Diphenyl-tetrazine, 306 
Diphenyl- tetrazolium chloride, 147 

carboxylic acid, 147 

Diphenyl-thienyl-carbinol, 24 
Diphenyl-thio-diazole, 140 
Diphenyl-thiophen, 23 
Diphenyl-thio-urazole, 134 
Diphenyl- triazole, 130 
Diphenyl- triazoles, 130 
Diphenyl-urazine, X34 
Diphenyl-xanthene, 155 
Diphenylene-imine, 70 
Diphenylene ketone oxides, 154, X56 

oxide, 69 

sulphide, 70 

— — sulphone, 70 
Dipicolinic acid, 177 
Dipropyl-furo-diazole, X38 
Dipyracridine, 223 
Dipyridyls, 168 
Dipyrroyl, 33 
Dipynryl ketone, 33 
Diquinacridine, 224 
Diquinolyl-quinoline, 195 
Di-quinolyls, 195 
Dithienyl, 23 
Dithienyl-ethane, as-, 23 
Dithienyl-ethylene, sym-, 23 
Dithienyl ketone, 25 
Dithienyl-methane, 23 
Di thienyl-phenyl-methane, 23 
Dithio-wonicotmic acid, X79 
Dithio-urazole, 134 
Dubohta myoporoides, 233 

Ecgonine, 234, 237 

disinte^ation and synthesis of, 237 

Ecgoninic acid, 237 

Epiosin, iio 

Erythroxylon coca, 236 

Etnenyl-amino-phenol, ii 5 

Ethenyl-benzenyl-azoxime, 137 

Ethoxy-acetammo-quinoline, 197 

Ethoxy-benzothiazole, 120 

Ethoxy-benzoxazole, 116 

Ethoxy-coumalin-dicarboxylic acid ester, 148 

Ethoxy-coumarones, 4X 

Ethoxy-lutidine, 172 

Ethoxy-methyl-indole, 58 

Ethoxy-phenyl-methyl-pyrazole, 8x 

Ethoxy-phenyl-pyrazole, 80 

Ethoxy-pyridine, 171 

Ethoxy-quinoline, 199 

Ethoxy- toliminazole, 1x2 

Ethylamino-triazosulpholes, 143 

Ethyl-benzoxazolone, xi6 

Ethyl-carbazole, 71 

Ethyl furan-a-carbonylate, x8 

Ethyl-glyoxalidine, 107 

Ethyl-indole, N-, 52 

Ethyl-indolinone, 59 

Ethyl-indoxyl, 57 

Ethyl-indoxylic acid, 57 

Ethyl-isatin, 52, 61 

Ethyl-isindazyl-acetic acid, 97 

Ethyl-iso amyl-piperidine, 183 

Ethyl-isocarbost)ndl, 213 

Ethyl-i>ociuinoline, 21 1 

Ethyl-lepidine, 194 

Ethyl-mercapto-p;^o-diazole, 13 x 

Ethyl-methyl-toliminazoles, xxo 

Ethyl-phenanthridine, 216 

Ethyl-phenazonium iodide, 296 

Ethyl-phthalazine, 27a 

Ethyl-phthalazone, 273 

Ethyl-piperid^ne-aldehyde, x8x 

Ethyl-piperidine-aldehyde, x86 

Ethyl-piperidines, X84 

Ethyl-pip^yl-alkine, 185 

Ethyl-pyridines, 167 

Ethyl-pyridono, 171 

Ethyl pyromucate, x8 

Ethyl-pyrrole, 31 

Ethyl-pyrrole, iV-, 29 

Ethyl-pyrro- triazole, 143 
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Ethyl-quinolines, 194 
Ethyl-quinuclidine, 185 
Ethylene-benzamidine, 107 
Ethylene-di-piperidine, 183 
Ethylene imme, 9 

oxide, 9 

Ethylene-selenurea, 121 
Ethylene sulphide, 9 
Ethylene-\/^-urea, 114 
Ethylidene- thiourea, 12 
Ethylidene-urea, 12 
Ethylindene, 51 
Ethylol-plcoline, 174 
Eucalne, x86 
Euphthalmine, 234 
Euxanthone, 156 


Fisetin, 154 

Five-membered heterocyclic rings, table, 7. See 
also Rings 

Flavaniline, 195 • 

Flavanone, 153 

Flavanthrene, 293 

Flavanthrine, 293 

Flavenol, 195 

Flavone, 152, 153 

Flavonol, 153 

Fluoflavine, 288 

Fluoranes, 155 

Fluorene-quinoline, 208 

Fluorindines^soi 
Fluorones, 155 

Four-membered heterocyclic rings, table, 6. See 
also Rings 

Furan, 14 ^ 

Furan-carboxylic acid, 18 
Furan-dicarboxylic acids, 18 
Furazan-carboxylic acid, 135 
Furazan-dicarboxylic acid, 135 
Furazans, 13 s 
Furazyl-proplonic acid, 135 
Furfur-acetone, 16 
Furfur-acrolein, 16 
Furfuraldehyde, 15 
Furfuraldoxime, 15 
Furfur-lasvulinic acid, 17* 

Furfur-malonic acid, 16 
Furfur-succinic acid, 17 
Furfural, 15 

Furfural-acetophenone, 16 
Furfural-di-acetophenone, 16 
Furfurane, 14 

dicarboxylic acid, 18 

Furfurin, 17 
Furfuro-stilbene, 15 
Furfuryl alcohol, 15 
Furfurylamine, 15 
Furfuryl methyl ether, 15 
Furil, 16 
Furilic acid, r6 
Furo-diazoles, 139 
Furoin, 16 

Furoxan-carboxylic acid, 136 
Furoxan-dicarboxylic acid amide, 137 

ethyl ester, 136 

Furoxans, 135 
Furyl-acetone, 17 
Furyl-acrylic acid, 16 
Furyl-angelic acid, 17 
Fur^-propionic acid, 16 
Furyl-tetrazole, 145 
Furyl-valeric acid, 17 


Galancin, Z54 
Gallocyanine, 264 
Ggntiana Mea , 156 
G«itiseln, 156 
Gentisin, 136 
Glaucine, 258 
Glauooninic acids, 203 
Glutaeonimide, 172 
Glutazine, 172 
Glyoosine, X04 


Glyoxalidines, xo6 
Glyoxaline-acetic acid, 108 
Glyoxaline-carboxylic acid, xo6 
Gl3roxaline-dicarboxylic acid, 105 
Glyoxaline-propionic acid, xo6 
Glyoxaline red, xo8 
Glyoxalines, 102, X04 
Glyoxal-osotetrazine, 306 
Glyoxime peroxides, X35 
Glyoxyl-propionic acid, 106 
Gnoscopine, 257 
Guanazme, X34 
Guanazole, X34 
Guvacine, 229 

HjtMATiNic acid, 35 
HaBmo-pyrroIe, 31 
Haemopyrrole-carboxylic acid, 35 
Herapathite, 240 

Hexachloro-triethyl-cyanidine, 303 
Hexahydro'benzo-dip5rrazolone, 98 
Hexahydro-carbazole, yi 
Hexahydro-cinchomeronic acid, 186 
Hexahydro-naphthinoline, 217 
Hexahydro-pyrazines, 285 
Hexahydro-pyridine, x82 
Hexahydro-quinolines, 205 
Hexahydro-quinolinic acid, 186 
Histidine, 106 
Homoantipyrine, 87 

Hydrastihe, j __ 

Hydrastinine, 255 

synthesis of, 255 

Hydrastis canadensis, 255 
Hydrazi-acetin acid, 10 
Hydrazi-propionic methyl ester, 10 
Hydrazino-nicotinic acid, X75 
Hydrazo-lepidine, X97 
Hydrazo-quinoline, X97 
Hydrazo-tetrazole, X46 
Hydrazoximes, X37 
Hydrazulmine, xx 
Hydro-antipyrine, 93 
Hydro-carbostyril, 204 
Hydro-carbosty^-carboxylic acid, 204 
Hydro-chelidonic acid, 150 
Hydro-ecgonidine, 237 
Hydro-furans, 19 
Hydro-furfuramide, 17 
Hydro-hydras tlnine, 255 
Hydro-isocarbostyril, 215 
Hydro-«oquinolines, 214 
Hydro-p5n*idine derivatives, 180 
Hydro-p3rnrole derivatives, 35 
Hydro-quinolines, 203 
Hydro-quinoxalines, 288 
Hydroxy-antipyrine, 89 
Hydroxy-benzothiazole, 120 
Hydroxy-benzoxazole, xx6 
Hydroxy-carbostyril, X99, 200 
Hydroxy- cinnoline, 272 
Hydroxy-cinnoline-carboxylic acid, 271 
Hydroxy-copazoline, 28X 
Hydroxy-diethyl-piperidine, x 85 
Hydroxy-dihydro-naphtho-quinoxaline, 289 
Hydroxy-dih^aro-qulnoxaline, 289 
Hydroxy-dimethyl-pyrimidines, 276 
Hydroxy-diphenyl-cyanidine, 303 
Hydroxy-diphenyl-pyrazolidone, 93 
Hydroxy-diphenyl-pyrazolone, 87 
Hydroxy-diphenyl-pyrro-diarole, X26 
Hydroxy-diphenyl-triazine, 303 
Hydroxy-furfurals, X5 
Hydroxy-indazole, 96 
Hydroxyindole, 55 

Hydroxy-indole-carboxylic acid, 58, 66 
Hydroxy-isatin, 60 
Hydroxy-isecarbostyril, 2x2 
Hydroxy-isocarbost^-carooxylic ester, 2x3 
Hydroxy-mandelic aldehyde, 41 
Hydroxy-methyl-furfural, X7 
Hydroxy-methyl-glyoxaline, 105 
Hydroxy-methyi-p^mldine,"275 
Hydroxy- methyl-pyrone, X50 
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Hydroxy - methyl - pyrro - [ab] - diasole -carboxylic 
acid, 127 

Hydroxy-methyl-pyrro-diarolo-carboxylic methyl 
ester» 126 

Hydroxy-methyl-quinoline, 199 
Hydroxy-methyl-tetrahydro-quinoline, 204 
Hydroxy-methyl- thiazole, 117 
Hydroxy-methyl- thiazole-carboxylic ester, 118 
Hydroxy-methyl-thlophen, 24 
Hydroxy-methyl-toluquinoxaline, 287 
Hydroxy-naphtho-phenaxines, 296 
Hydroxy-naphthyl-azlmido-benzene, 125 
H3rdroxy-nitrophonylethyl methyl ketone, 66 
Hjrdroxy-phenanthro-triMine, 304 
Hydroxy-phenazines, 295 
Hydroxy-phenothiazone, 268 
Hydroxy-phenoxazime, 264 
H3^roxy-phenyl-acetic acid lactone, 41 
Hydroxy-phenyl-acridine, 220 
Hydroxy-phenyl-azimido-benzene, 125 
Hydroxy-phenyl-dihydro-phthalazine, 273 
Hydroxy-phenyl-diphenyl-tetrazolium chIoride,i47 
Hydroxy-phenyl-furazan, 136 
Hydroxy-phenyl-indazole, 96, 97 
Hydroxy-phenyl-indazole-carboxylic acid, 97 
Hy^oxy-phenyl-methyl-osotriazole, 123 
Hydroxy-phenyl-methyl-pyrazole, 80 
H)^oxy-phenyl-methyl-pyrazolone, 86 
Hydroxy-phenyl-methyl-pyrimidine, 276 
Hydroxy-phenyl-methyI-p5rtTo-[ab]-diazole, 126 
Hydroxy-phenyl-methyl-quinoline, 195 
Hydroxy-phenyl-naphth3nddine, 217 
Hydroxy - phenyl - oxypyrro - diazole - carboxylic 
methyl ester, 127 
Hydroxy-phenyl-pyrazole, 80 
Hydroxy-phenyl-p^azole-carboxylic acid, 91 
Hydroxy-phenyl-pyrimidine, 275 
Hydroxy-phenyI-p3rrro-diazole, 126 
Hydroxy-phenyl-pyrro- triazole, 146 
Hydroxy-phenyl-quinoline, 200 
Hydroxy-phenyl-sec-butyl alcohol, 42 
Hydroxy-phenyl-tetrazole, 147 
Hydroxy-phenyl- thiazole, 117 
Hydroxy-phenyl-toluquinoxaline, 287 
Hydroxy-phenyl-triazine, 303 
Hydroxy-phenyl-trimethyl-pyrazoline, 84 
Hydroxy-propylpiperidine, 186 
Hydroxy-p3n:azole, 80 
Hydroxy-pyrazole-carboxylic acid, 91 
Hydroxy-pyridine- carboxylic acids, 178 
Hydroxy-pyridine-dicarboxylic acid, 178 
Hydroxy-P3nridines, 170, 171 
Hydroxy-pyrimidine, 275 
Hydroxy-pyrone, 150 
Hydroxy-p^one-carboxylic acid, 150 
Hydroxy-p5nTo-diazole, 126 
Hydroxy-pyrro-diazole-carboxylic acid amide, 

- methyl ester, 126 

Hydroxy-pyrro-diazole-dicarboxylic acid, 127 
Hydroxy-pyrro-triazole, 146 
Hydroxy-quinacridine, 224 
Hydroxy-quinaldine-carboxyllc acid, 202 
Hydroxy-quinaldines, 190 
Hydroxy-quinazolines, 2W 
H3rdroxy-quinoline-acetic acid, 202 
Hydroxy-quinoline carboxylic acids, 202 
Hydroxy-quinolines, 197, 198, 199 
Hydroxy-quinoxaline, 287, 288 
Hydroxy-quinoxaline-oarboxylic acid, 288 
Hydroxy-tnionaphthen-aldehyde, 46 
Hydroxy-thionaphthen-carboxylic acid, 46 
Hydroxy-thionaphthens, 44 
Hydroxy-thiophen, 24 
Hydroxy-triazole, 133 
Hydroxy-xanthones, 156 
Hygrin> 37 ^ 

Hygrine, 236 
Hygrinic acid, 37 
Hiroscyamine, 233 
Hyoscymmus albus, 233 

Hypox?ntii5?e, 276 

Imesatins, 6x 

Imido-keto-thiazolidine acetic acid, z 19 


Iminaxole, Z04 
Iminazolones, 107 

Iminazolyl-axnino-propionic acid, 106 
Iminazolyl-mercaptan, Z05 
Iminazolyl-methyi-sulphide, Z05 
Imino-cumothiazone, 265 
Imino-glutarimide, 172 
Imino-phenyl-dimethyl-pyrazole, 89 
Imino-pyrines, 88, 89, 90 
Imino-tetrahvdro-selenazole, 121 
Imino-thio'diazoline, 141 
Imino-thio-urazole, 134 
Indanthrene, 292 
Indazine, 300 
I ndazole- azo-benzene, 96 
Indazole-azo-toluene, 96 
Indazole-carboxylic acid, 97 
Indazole-triazolene, 96 
Indazoles, 94, 96 
Indazolone, 98 
Indazyl-acetic acid, 97 
Indican, 5^64 
Indigo, 64 

blue, 48, 6it 

constitution of, 67 

brown, 64 

dicarboxylic acid, 68 

gluten, 6a 

monosulpnonic acid, 68 

purpurin, 69 

red, 64, 69 

white, 69 

Indigoid dyes, 63 
Indigotin, 64 
Indirubin, 57, 63, 69 
Indogen, 57 
IndogenidsP, 57 
Indole, 48 
Indole- aldehyde, 54 
Indole-carboxylic acids, 54 
Indolenine, 49 
Indoline, 58 
Indolinones, 59, 60 
Indones, 297 
Indoxazene group, 10 1 
Indoxin, 58 
Indoxyl, 55 
Indoxyl-aldehyde, 56 
Indoxylic acid, 56 
Indulines, 297 
Indyl-acetic acid, 55 
Indyl-alanine, 55 
Indyl ethyl ketone, 54 

methyl ketone, 54 

phenyl ketoUe, 54 

Indyl-propionic acid, 55 
. lodo-acridine, 222 
j lodo-ethyl-pyridlne, 173 
I lodo-hydroxy-quinoline-sulphonic acid, 198 
I lodo-indole, 53 
I lodo-methyl-indole, 53 
j lodo-pyrazole, 79 

Iodo*pyridlne-iodo-methylate, 169 

Iodo-(juinoline, 196 

lodo-miophen, 24 

lodo- triazole, 13 1 

lodol, 32 

Isatin, 60 

Isat^-anils, 62 

Isatm blue, 61 

chloride, 63 

IsaUn-dianil, 63 
Isatin-leucanils, 63 
/safis HHctoria^ 64 
Isatogenio acid, zo 
Isatoic acid, 61 
Isatoxime, 62 
^cAmarine, Z07 
woAmyl-piperidine, 183 
isoAmyl-pynroIe, Iv-, 29 
isoButyl-phtbalazone, 273 

** acid, 2x3 

isoCarbostyzils, 2x2 
isoCinohomexoxdc acid, X77 
isoCoumarins, X51 
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{coCyanines, 193 
ifoC3rano-tetra«Dromide, 146 
isoDehi^acetic acid, 148 
Moindigotin, 60 
^oNiootinic acid, 176 
•soNitroso-ethenyl-diphenyl-amidine, 63 
isoNitroso«methyl-isoxazolone, lox 
isoNitroso-pyrazolone, 86 
isoNltroso-thio-indoxyl, 44 
isoPheno-safranine, 300 
isoPhenyl-naphthO'phenazonium chloride, 396 
i^oPropylidene-metnyl'isoxazolone, zoo 
<*oPropylidene-trimethyl-indoline, 51 
feoPropyl-indolinone, j|p 
isoPropyl- isocarbost^l, 213 
isoPropyl-pyridine, 167 
isoPropyl-pyprole, 31 
fcoPropyl-quinoxaline, 287 
isoPropyl-tmophen, 23 
fSoQuinoline, 210 

group, 209 

of alkaloids, 246 

isoQulnolone, 2x3 
iso^ino'phthalone, 195 
isoQuIno-pyridine, 207 
isoRosindone, 299 
isoRosinduline, 298 
isoSpartelne, 232 
ixoStrychnine, 245 
isoTtopyl-amine, 237 
Isoxaxole, 99 
group, 98 

Isoxaaolone-carboxylic ester, loi 
Isoxazolones, xoo 

Tulole, 205 
Julolidine, 206 

Katrine, 204 
KairoUne, 204 
Kampferol, X54 
Keto-dihydro*acridine, 222 
Keto-dibydro-benzothiazine, 265 
Keto-dihydro-bis-coumarone, 43 
KetO’dlhydro-coumarones, 41, 42 
Keto-dihydro-indole, 57 
Keto-dihydro-oxazoles, X14 
KetCKlihydro>quinazoline>carboxylic acid, 280 
Keto-dibydro-quinazolines, 279, 280 
Keto-dihydro-tnionaphthen, 45 
Keto-diphenyl-pyrazolone, 87 
Keto-^lyoxalidmes, X07 
Keto-imino'thiazolidine, X19 
Keto-tetrahydro-isoquinoline, 215 
Kynurenic acid, 202 
Kynurinc, 199 

Laburnum, 230 
Lactazones, xoo 
Lactimides, 9 
Lactones, xx 
Lactoximes, zoo 
Lactyl-tropelne, 234 
Laudanosine, 253 
Lauth's violet, 267 
Lepidene, X4 

Lepidine, X93. See also Methyl-quinoline 

cldoral, X94 

oxaHc ester, X95 

Lepidinic acid, X77 
Lepidone, Z09 
L^ld^d-hydrazine, X97 
“ Leuoothionine,'* 266 
Lilole, 305 
Loiponic acid, 241 
^ncfiocarpus cyanescmSf 64 
Lophine, X05, Z07 
Loretin, n " 


232 

Lateoi72^ 
LutaoUn, 133 


I Lutidine-dicarboxylio acid, dimethyl-pyridine-di- 
carboxylic acid, 177 
Lutidlne-sulphonic acid, 169 
Lutidines, 167 
Lutidinic acid. 177 
Lutidone, 172 

Lutidone-dicarboxylic acid, 17^ 

Lutidyl-hydrazine, X70 
Lutidyl-mercaptan, X73 
Lutidyl-sulphide, X73 
L3rsidine, xo6 

Magdala red, 301 
Maleic acid hydrazide, 27X 
Malonylhydrazine, 93 
Malonyl-phenlhydrazine, N~, 93 
Maltol, 150 
Mauveine, 301 
Meconic acid, 150 
Melamine, 303 

Mercapto-methylpentbiazoline, 265 
Mercapto-methyl-thiazole-carboxylic ester, xx8 
Mercapto- triazole, 131 
Mercapto-trimethyl-thiazoline, 365 
Mesitene lactam, x7x 
Meta-diazines, 274 
Meta-fulminuric acid, 101 
Meta-nicotine, 23 x 
Metathiazine, 264 
Methenyl-amino-phenol, 115 
Methenyl-amino-phenyl-benziminazole, X09 
Methenyl-amino-thiophenol, xao 
Methoxy, 199 

Methoxy-amino-quinoline, X97 
Methoxy-indole-carboxylic acid, 58 
Methoxy-isatin, 58 
Methoxy-isocarbostyril, 213 
Methoxy-tsoquinoline, 213 
Methoxy-phenyl-methyl-pyrazole, 80, 81 
Methoxy-pyridines, 17X 
Methoxy-quinaldine, 199 
Methoxy-quinoline, 199 
Methoxy-quinolinic acid, 178 
Methronic acid, X9 
Methyl-acetyl-furo-diazole, 139 
Methyl-acetyl-thio-diazole, 141 
Methyl-acridine, 220 
Methyl-acridone, 222 

anil, 223 

Methyl-acridones, 223 
Methyl-amino-diphenyl thiazoline, x xq 
Methyl-amino-triazosulpholes, 143 
Methyl-anilino-phenyl-methyl-p3w:azolone, 89 
Methyl-antipyrine, 89 
Methyl-benziminazole, 109 
Methyl-benzo-dihydro-metoxazone, 260 
Methyl-benzo-morpholones, 262 
Methyl-benzo-orthoxazinone, 259 
Methyl-benzoparoxazine, 26X 
Methyl-benzothiazole, X20 
Methyl-benzoxazole, xxs 
Methyl-benzoylfuro-diazole, X39 
methyl-benzoylthio-diazole, X4X 
Methyl-benzyl-dihydro-acridines, 22 x 
Methyl-benzyl-dihydro-isoquinoline, 2x4 
Methyl-benzylidene-dihvdro-isoquinoline, 2x1 
Methyl-benzylMene-hydtacridinc, 222 
Methyl-benzyl-isoxazolone, xox 
Methyl-benzyl-tetrahydro-isoquinoline, 2x5 
Methyl-carbazole, 7X 
Methyl-carbostyril, X99 
Methyl-chloro-quinolme, X96 
Methyl-chromone, X63 
Methyl-cinchoninic acids, 20X 
Methyl-cinnoline-carboxylic acid, 372 
Methyl-coumarandiones, 44 
Methyl-coumaranones, 43 
Methyl-ooumarilic acid, 42 
Methyl-ooumarones, 4X 
Methyl-coumazonic acid, 260 
Methyl-diethyl-indolenine, 53 
Methyl-diethyl-p3n:azine, 283 

Methyl-dieth' 

Methyl-dihyd _ 

Methyl-dihydro-isoquinoline, 2x4 
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Methyl-<l{h3rdro-naphtho>pyrrole, 59 
Methyl-dihydro'phenantlmdine, ai6 
Methyl-dihydro-phthalazine, 272 
Methyl-dihydro-quinaiiolines, 279 
MethyI-diketO‘hexahydxo-triazine, 304 
Mcthyl-diketo-Iilolidtoe, 206 
Methyl-dimethylol-quinaldine, 194 
Methyl-diphenyl-pyrrole-carboxylic ester, 24 
Methyl-ethyl-dihydro-acridines, 221 
Methyl-ethyl-dihydro-quinoline, 203 
Methyl-ethyl-furazan, 135 
Methyl-ethyl -isoxazolone, roi 
Methyl-ethyl-piperidelnes, 181 
Methyl-ethyl-p3nridines, 167 
Methyl-cthyl-pyrimidine, 275 
Methyl-ethyl-thetlne, ii 
Methyl-ethyl-thiobetalne, ii 
Mcthyl-fluorindine, 301 
Methyl-furan, 14 

Methyl-furan-acetic-carboxylic acid, xg 
Methyl-furan-aceto-carboxylic acid, 19 
Methyl-furazan carboxylic acid, 135 
Methyl-furfural, 17 

Methyl-furo-diazole-carboxylic ester, 139 
Methyl-glyoxalidine, 106 
Methyl-glyoxalines, 104 
Methyl-OTanatonine, 238 
Methyl-hydracridol-benzoic acid lactone, 222 
Methyl-hydro-acridine, 221 
Methyl-iminazolone, 107 
Methyl-imino-benzo-thiazoline, 121 
Methyl-imino-dimethyl-thiazoline, 117 
Methyl-indazoles, 96 
Methyl-indole, 32 
Methyl-indole, $2 
Methyl-indole-aldehyde, 54 
Methyl-indole-sulphonic acid, 53 
Methyl-indoline, 58 
Methyl-indolinone, 59 
Methyl-indyl-acetic acid, 55 
Methyl-isatin, 52, 61 
Methyl-wocarbostyril, 231 
Methyl-Mopropyl-^hydro-quinoxaline, 289 
Methyl-isopropyl-diphenyl coumarone, 41 
Methyl-isopropyl-pyrrole, 31 
Methyl-isoquinolines, 211 
Methyl-isoquinolone, 213 
Methyl-isoxazole-carboxylic acids, 99 
Methyl-isoxazole-dicarboxylic acid, 100 
Methyl-isoxazolcs, 99 
Methyl-isoxazolone, 100 
Methyl-keto-dihydro-quinazolines, 280 
Methyl-keto-juloline, 206 
Methyl -ketole, 52 
Methyl-lutidone, 172 
Methyl-dimethylol-quinaldine, 194 
Methyl-mercapto-pyrro-diazole, 131 
Methyl-mercapto-thiazole, 118 
Methyl-metiiyl-dihydro-acridines, 221 
Mcthyl-methylol-quinaldine, 194 
Methyl-morphimethine, 247 
Methyl-morpholone, 261 
Methyl-nicotinic acid, X76 
Methyl-osotriazole-carboxylic acids, X24 
Methyl-oxazole-carboxylic acid, 1x4 
Methyl-oxazolidines, X14 
Methyl-oxazoline, xx4 
Methyl-oxybenziminazole, ixx 
Methyl-penthiophen, X57 
Methyl-phenanthridine, 2x6 
Methyl-phenanthridone, 216 
Methyl-phenanthriminazole, 110 
Methyl-phenanthroline, 209 
Methyl-pheno-triazine, 304 
Methyl-phenoxazine, 262 
Methyl-phenpenthiazole, 263 
Methyl-phenyl-benzo-dihydi^mdioxazone, 260 
Methyl-phenyl-dihydro- acridines, 221 
Methyl-phenyl-furan-carboxylic acid, 19 
Methyl-phenyl-oxazoline, X14 
Methyl-phenyl-pyridazinone, 270 
Methyl-phenyl-pyrrole, 31 
Methyl-phenyl-pyrrole-carboxylic ester, 34 
Methyl-phthalazine, 272 
Methyl-phthalazone, 273 


Methyl-pipecoldlne, x8z 
Methyl-pipecolyl-alkine, 183 
Methyl-piperazme, 285 
Methyl-piperideine-aldehyde, x8x 
Methyl-plperidelne-nitrile, x8i 
Methyl-piperidine, 183 

oxide, X83 

Methyl-pyrazine, 283 
Methyl-p3n:a2ole, X04 
Methyl-pyrazole-carboxylic acid, 82 
Methyl-pyrazole-sulphonic acid, 80 
Methyl-pyrazoles, 77 
Methyl-pjnrazolone, 86 
Methyl-pyridyl sulphide, 172 
Methyl-pyridazine, 269 
Methyl-pyridazinone, 270 
Methyl-pyridazone, 270 
Methyl-pyridine carboxylic acid, X76 
Methyl-pyridine-dicarboxylic acid, 177 
Methyl-pyridine-tetracarboxylic acid, X78 
Methyl-pyridines, 166 
Methyl-pyridone-hydroiodide, 171 
Methyl-pyridyl-selenide, X73 
Methyl-pyrimidine-carboxylic acids, 275 
Methyl-p3rrimidines, 275 
Methyl-pyromucic acid, x8 
Methyl-pyrone-dicarboxylic acid ester, X49 
Methyl-pyronone, 149 
Methyl-pyrro-diazoles, 130 
Methyl-pyrrole, N-, 29 
Methyl-pyrrole, 30 
Methyl-pyrrole-carboxylic acids, 35 
Methyl-p3nTole- tricarboxylic ester, 34 
Methyl-pyrrolidine, 36, 37 
Methyl-pyirolidine-acetic-carboxylic acid, 37 
Methyl-pyixolidine-carboxylic acid, 37 
Methyl-pyrrolidine-dicarboxylic acid, 37 
Methyl-pyrrolidone-acetic acid, 237 
Methyl-pyrrol ine, 36 
Methyl-pyrro-triazole, X45 
Methyl-pyrryl-propionic acid, 35 
Methyl -quinaldone, X99 
Methyl-quinazoline, 278 
Methyl-quinoline-carboxylic acids, 202 
Methyl-quinolines, 193 
Methyl-quinolinic acid, 177 
Methyl-quinolone, 199 
Methyl-quino-quinoline, 209 
Methyl-selenazoline, X2X 
Methyl -seleno-pyridone, X73 
Methyl-sparteines, 233 
Methyl- tetrahydro-Moquinoline, 2x4 
Methyl-tetrahydro-nicotinic acid, 229 
Methyl- tetrahydro-papaverine, 252 
Methyl-tetrahydro-pyrimidine, 277 
I Methyl-tetrahydro-quinoline, 204 
Methyl-thiazole, xx7 
Methyl- thiazole-carboxylic acid. 118 
Methyl- thiazole-dicarboxylic acid, 1x8 
Methyl-thiazoline, 1x8 
Methyl-thiazyl-acetic ester, xi8 
Methyl-thio-diazole, 141 
Methyl-thiodiazole-carboxylic ester, 14X 
Methyl- thio-lutidone, 173 
Methyl-thiophens, 22 
I Methyl -thio-pyridone, 172 
j Methyl-thio-ouinolines, 200 
Methyl-toliminazole, 104, xxo 
Methyl- triazole, 130 
Methyl-tripheno-dioxazine, 264 
Methyl-vinyl-diacetone-alkamines, 185 
Methyl-vinyl-piperidine, X85 
Methylene blue, 267 

Methylene-dioxy-dihydro-isoquinoline, 2x4 
Methylene-dioxy-isoquinollne, 21 x 
Methylene-diphenyl- 4 ^-tiiiourea, X2 
Methylene-diphenylene oxide, X34 

sulphide, 138 

Methylene-pi^azine, 285 
Methylene- thio-urea, X2 
Methylene-urea, xa 
1 Methylol-ethylpyrldine, 173 
{ Methylol-lepidine, X94 
i Methylol-lutidine, 173 
Methylol-picolines, X73 
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Methylol-quinaldin®, 194 
Metoxazine, 259 
Moria, 15, 

^ ’ !, 348 

Morphine, 346 
Morpholine, 261 
Morns tinctoria, 154 
Mnrex brandaris, 68 
Myricetin, 154 

Naphthalans-morpholine, 261 
Naphthazines, 291, 292 
Naphthimininazole, xzo 
Naphthindigo, 68 
Naphthindone, 399 
Naphthindullne, 299 
Naphthinolines, 2x7 
Naphthisatins, 64 
Naphtho-benzo-pyrrole, 71 
Naphtho-coumaranonc, 43 
Naphtho-furan, 41 
Naphtho-morpholone, 262 
Naphtho-phenanthridones, 216 
Naphtho-phenazine, 291 
Naphtho-phenosafranine chloride, 300 
Naphtho-phenoxazone, 264 
Naphtho-pjrracridines, 223 
Naphtho-pyrrole, 52 
Naphtho-quinolines, 207 
Naphthol blue, 264 
Naphthyl blue, 299 
Naphthyl-indole, 52 
Naphthyl-piperidines, 183 
Naphthyl violet, 399 
Naphthyridines, 317 
Narceine, 254 
Narcotine, 251 
Nicoteine, 230 
Nicotelline, 230 
Nicotimine, 330 
Nicotine, 230 
Nicotinic acid, 173 
Nile blue, 264 

Nitro-amino-nicotinic acid, 173 
Nitro-benzoyl-acetic acid, 66 
Nitro’carbazoles, 71 
Nitro-carbostyra, 199 
Nitro-coumarone, 41, 43 
Nitro-d^ethyl-benzinun-azolinol, 112 
Nitro-dimethyl-glyoxaline, 105 
Nitro-dimethyl mdazoles, 96 
Nitro-dimethyl-pyrrole, 32 
Nitro-diphenyl-nitro-isoxazole, 99 
Nitro-furan, 14 
Nitro-hydroxy-pyridines, 169 
Nitro-mdazole-azo-nitro-methylbenzeiie, 96 
Nitro-indole-carboxylic acid, 53 
Nitro-iudoles, 53 
Nitro-isoxazole, 99 
Nitro-methyl-glyoxalinc, 105 
Nitro-methyl-indole, 53 
Nitro-methyl-pyrazole, 79 
Nitro-phenoxazine 262 
Nitro-phenyl, 174 

Nitro-phenyl-dihydro-indazole-carboxylic acid, 
Nitro-phenyl-dimethyl pyrazole, 79 
Nitro-phenyl-indazole-carboxylic ester, 95 
Nitro-phenyl-indazolone, 98 
Nitro-phenyl-indole, 53 
Nitro-phenyl-methyl-pyrazolone, 86 
Nitro-phenyl-p)nrazole, 79 
Nitro-phenyI-p5rridine, 167 
Nitro-phenyl-quinoline, 195 
Nitro-pyrazole, 79 
Nitro-pyromucic acid, x8 
Nitro-pyCTole, 33 
Nitro-quinoline-aldehyde, 300 
Nitro-thiophen, 24 
Nitro-trimethyl-pyrazole, 79 
Nitron, X3X 
Nitroso-antlpjrrine, 89 
Nitroso-carbazole, 71 
Nitroso-chlorindazole, 97 
Nitroso-coniine, 338 
Nitroso-indole, 53 


Nitroso-indoline, 58 
Nitroso-methyl-indole, 53 
Nitroso-phenylid-methjd-pjnrazole, 79 
Nltroso-phenyl-indole, 53 
Nitroso-piperidine, 183 

OCTOHYDRO-ACRIDINEDIONE, 333 

Octohydro-naphtho-qu incline, 207, 208 

Octohydro-naphthyndme, 2x7 

Octohydro-xanthene-dione, 155 

Opium bases, 246 

Orcaceteln, 152 

Orcirufin, 363 

Orthodiazines, 369 

Orthothiazines, 364 

Orthoxazine, 259 

Osotriazole, 122 

Osotriazole-carboxylic acid, 123 

Osotriazole-dicarboxylic acid, 124 

Oso triazoles, 121 

Oxalene-bis-azoxi-methenyl, 137 

Oxalimide, 9 

Oxazoles, 113 

Oxazolidines, 114 

Oxazolines, 114 

Oxazolones, 1x4 

Oxindigo, 44 

Oxindirubin, 43 

Oxindole, 60 

Oxindole-aldehyde, 60 

Oxy-azoxazine-dicarboxylic ester, 309 

Oxybenziminazole, iii 

Oxydiazoles, X37 

Oxyindole derivatives, 55 

Oxylepidinic acid, 178 

Ox)naicotinic acid, 178 

Oxyproline, 37 

Oxyquinolinic acid, 178 

Oxy-sparteine, 232 

Palaver somnifcmm, 246 
Papaverine, 250 
Paradiazines, 282 
ParathiEu&ine, 265 
Parozazine dyes, 262 
Paroxazines, 261 
Parvoline, 167 
Pelletierine, 238 
Pentachloro-pyndme, 169 
Pentachloro-pyrrole, 31 
Pentahydroxy-flavonol, 1^4. 
Pentamethylene imine, 182 
Pentaphenyl-pyridine, i68 
Peuthiazolines, 264 
Penthiophen, 157 
Pentoxazolines, 259 
Perchlorpyrocoll, 34 
P«fi-naphthotliio-indigo, 48 
Pm-quindoline, 217 
Phenacetein, 152 
Phenacyl azo-cyanide, 303 
Phenanthridine, 215, 216 
Phenantbridone, 216 
Phenanthro-beiizo-pyiTole, 71 
Pheuanthro-naphtho-pyrroles, 71 
Phenanthro-pli^azine, 292 
Phenanthro-quinoliuc, 208 
Phenanthroline, 208 
Phenanthroxazine, 262 
Phenazine, 291 

group, 289 

Phenazone, 273 
Phenazonium compounds, 29G 
Pheno-keto-dihydro-triazine, 305 
Pheno-raauveine, 301 
Pheno-miazines, 277 
Pheno-naphthacridiue, 219, 220 
Pheno-napbthacridone, 223 
Pheno-naphthazothione, 268 
Pheno-naphthoxanthones, 156 
Pheno-naphthoxazime, 264 
Pbeuo-naphthoxazone, 264 
Pheno-safranine, 300 
Pheno-thlazime, 267 
Phono-thiazone, 268 
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Pheno-triaslne, 304 
Pheao>triaa:7l>ztti^yl-ketone, 304 
Pbeao'tripyridine, 309, 324 
Phenoxaiine, 363 

dyes, 263 

Phenoxazone, 263 

Phenyl-acenaphtho-pheiiazonimn nitrate, 397 
Phenyl-acetyf-thio-mazole, 141 
Phenyl-acridine, 320 
Phenyl-acridone, 223 
Phenyl-azimido-beni^ne, 125 
Phenyl-azimido-ethoxy-benzene, 128 
Phenyl-azimido- toluene, 125 
Phenyl-benzazimide, 305 
Phenyl-benzene-azo-pyrazole, 79 
Phenyl-benziminazofe, 109 
Phenyl-benzo-paroxazine, 261 
Phenyl-benzo-pyranol, 152 
Phenyl-benzo-pyrone, 153 
Phenyl-benzo-thiazole, 120 
Phenyl-benzoxazole, 115 
Phenyl-benzovl-isoxazolone, 10 
Phenyl-benzyl-methyl-pyrazolone, 87 
Phenyl-cmchoninic acids, 20 1 
Phenyl-cinnoline, 272 
Phenyl-cinnolinic acid, 269 
Phenyl-coumalin, 148 
Phenyl-coumaranes, 42 
Phenyl-coumarones, 41 
Phenyl-cumazonic acid, 260 
Phenyl-dicacetyl-lutidine, 174 
Phenyl-dihydro-acridine, 221 
Phenyl-dihydro-indazole, 97 
Phenyl-dihydro-woqulnoline, 214 
Phenyl-dihydro-phenazine, 396 
Phenyl-dihydro-quinazolines, 279 
Phenyl-diketo-hydrop3nrindene, 198 
Phenyl-diketo-pyrazolidine, 93 
Phenyl-dimethyl-benzo-metoxazine, 260 
Phenyl-dimethyl-diketo-pyrazolidine, 93 
Phenyl-dimethyl-^nioxy-dihydro-osotriazole, 123 
Phenyl-dmethyl-indolinol, 59 
Phenyl-dimethyl-methylene-indoline, 59 
Phenyl-dimethyl-osotriazole, 123 
Phenyl-dimethyl-pyrazoles, 78 
Phenyl-dimethyl-pyrazolidone, 93 
Phenyl-dimethyl-pyrazolone, 87, 90 
Phenyl-dimethyl-pyrimidine, 275 
Phenyl-dimethyl-thiopyrazole, 88 
Phenyl-dimethyl-urazole, 134 
Phenyl-dinaphthazonium chloride, 296 
Phenyl-dithfo-urazole, 134 
Phenyl-fluorindine, 301 
Phenyl- furazan, 135 
Phenyl-furoxan, 136 
Phenyl-furyl-allene, 15 
Phen^-glyoxalidine, 107 
Phenyl-glyoialine, 104 
Phenyl-hexahydro-pyridazinedione, 271 • 
Phenyl-hydrazino-lutidine, 170 
Phenyl-hydrazino-pyrinc, 89 
Phenyl-hydroxy-indolc, 58 
Phenyl-imino-cumazone, 260 
Phenyl-imino-cumothiazone, 265 
Phenyl-imino-ethyl-benzoxazoloue, 116 
Phenyl-imino-isoxazoline, lor 
Phenyl-indazoles, 96 
Phenyl-indole, N-, 52 
Phenyl-indoles, 52 
Phenyl-indolinone, 59 
Phenyl-indoxazene, 102 
Phenyl-isocarbostyril, 213 
Phenyl-isoquinolines, 21 1 
Phenyl-isoxazole, 99 
Phenyl-isoxazolone, 10 z 
Phenyl-keto-dihydro-quinazolines, 380 
PhenyI-keto-tetrahydro-p3rriniidine, 377 
Phenyl-keto-tetrahydro-quinazolines, 381 
Phenyi-luddone-carboxyuc add, 179 
Phenyl-mercapto-thiazole, zz8 
Phenyl-methyl-amino-pyrazole, 80 
Phfcnyl-methyl-azo-pyrazole, 80 
Phenyl-methyl-benzene-azo-pyrazoles, 79 
Phenyl-methyl-benzh&ioacounol, xz2 
Phenyl-methyl-dihydro-pyridazine, 270 


^ — , - i^dro-quinoline, 303 

Phenyi-methyi- y-dm]rdro-08otmsole, 123 
Phen^d-methyl-ethyl-mdoxy-dihydro-osotriazole, 

X33 

Phenyi-methyl-ethyl-pyrazolone, 87 
Phenyl-methyl-furan, 14 
Phenyl-methyl-^lyoxaline, X04 
Phenyl-methyl-isoxazole, 99 
Phenyl-methyl-osotriazole, 123 
Pbenyl-metbyl-oxazoles, 113, 1x4 
Phenyl-methyl-pentoxazoline, 260 
Phenjd-methyl-piperidine, 184 
Phenyl-methyl-pyrazole, 77 
Phenyl-methyl-pyrazole-carboxylic acids, 82 
Phenyl-methyl-pyrazoledione, 86 
Phenyl-methyl-pyrazoles. 78 
Phenyl-methyl-pyrazolidmes N, 92 
Phenyl-methyl-pyrazolidoiie JV, 93 
Phenyl-methyl-pyrazolone aldwyde, 90 
Phenyl-methyl-pyrazolones, 86, 87, 90, 93 
Phenyl-methyl-pyrMazine, 269 
Phenyl-methyl-pyridazone, 370 
Phenyl-methyl-pyridine, x68 
Phenyl-methyl-pyrimidine, 275 
Phenyl-methyl-pyrone. X50 
Phenyl-methyl-pyrro-oiazole, 125 
Phenyl-methyl-pyrro-diazole-carboxylic acid, 125 
Phea]d-methyl-pyno-triazoles, X45 
Phenyl-methyl-quinazoline, 378 
Phenyl-methyl-quinolines, 195 
Phenyl-methyl-mienyl-carbinol, 24 
Phenyl-methyl-thiopyrazolone, 86 
Phenyl-methyl-triazole, 125 
Phenyl-methyl-triazole-oarboxylic acid, 133 
Phenyl-methyl-triazolone, X33 
Phenyl-naphtho-dihydro-triazone, 305 
Phenyl-naphtho-phenazonium chlonde, 396 
Phenyl-naphtho-quinoxaline, 287 
Phenyl-naphthol, 2xx 
Phenyl-nitro-isoxazole, 99 
Phenyl-osotriazole, X23 
Phenyl-osotriazole-carboxylic acids, 124 
Phenyl-osotriazole-dicarboxylic acid, X24 
Pbenyl-oxazole, X13 
Phenyl-oxazolidine, X14 
Phenyl-oxazoline, 114 
Phenyl-penthiazoline, 365 
Phenyl-phenanthridine, 216 
Phenyl-phenanthro-phenazonium chloride, 396 
Phenyl-phenazonium chloride, 396 
Phenyl-pheno-dihydro-triazine, 305 
Phenyl-phenothiazime, 267 
Phenyl-phenoxazime, 364 
Phenyl-phthalazine, 273 
Pbenyl-phthalazonium-chloride, 273 
Phenyl-piperidejne, x8x 
henyl-piperidine, X83 
henyl-propylene-i^f- thiourea, 1x9 
Phenyl-pyrazole, 77, 78 
Phenyl-pyrazole-dicarboxylic acids, 82, 83 
Phenyl-pyrazole-dione-carboxylic acid, 93 
Phenyl-pyrazole-tricarboxylic acid, 83 
Phenyl-pyrazoUdino, 92 
Phenyl-pyrazolidone N, 93 
Phenyl-pyrazoline, 83, 84 
Phenyl-pyrazoline^icarboxylic acid ester, 84 
Phenyl-pyrazolone, 80, 86, 90 
Phenyl-pyrazolone-carboxylic acids, 91 
Phenyl-pyridazine, 269 
Phenyl-pyrldazine-carboxylic acid. 369 
Phenyl-pyridazlne-dlcarboxylic acid, 269 
Phenyl-pyridazlnone, 370 
Phenyl-pyridazinone-carboxylic ester, 370 
Phenyl-pyridazone, 270 
Phenyl-pr3ddines, x67, 168 
Phcnyl-pyxidone, 171 
Phenyl-pyridyl ketones, x74 
Phenyl-p3nrone, 148 

Phenyl-pyrone-carboxyllc add ester, 148 
Phenyl-pyrro-diazole-carboxyllc add, 135, 136 
Phenyl-pyrro-diazole-dicarboxjdic acid, X35 
Pbenyl-pyrro-diazoles, X 85 , 130 
Phenyl-pyrro-triazole-carboxylic add, X45, 146 
Phenyl-pyrrole, 31 
Phenyl-pyrrole N, 39, 35 
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Phenyl*pyrrole-acetic-carboxylic ester, 24 
Phenyl-pyrrole-carboxylic acid, N-, 35 
Phenyl-pyrryl-proplomc acid, 35 
Phenyl-quinaldine, 195 
Phenyl-quinaxoline, 278 
Phenyl-quinazoline-carboxylic acid, 278 
Phenyl-qufnoline-dicarboxylic acid, 202 
Phenyl-quinolines, 195 
Phenyl-quinolyl-metnyl-pyrazole, 200 
Phenyl-quinoxaline, 287 
‘ Phenyl-rosinduline, 299 
Phenyl-tetrahydro-pyrimidine, 277 
Phenyl-tetrahydro-quinazolines, 280 
Phenyl-tetrahydro-thio-diazine-thione, 309 
Phenyl- tetrazole, 145 
Phenyl-tetrazole-carboxylic acid, 126 
Phenyl- tetrazyl mercaptan, 147 

methyl sulphide, 147 

Phenyl- thiazole, 117 
Phenyl-thiazoline, 118 
Phenyl-thio-diazole, lai 
Phenyl-thiodiazole-carooxylic ester, 14 1 
Phenyl-thiophen, 23 

Phenyl-thio-tetrahydro-quinazolines, 281 
Phenyl-thio-tetrazoline, 147 
Phenyl-thio-triazine, 303 
Phenyl-thio-urazole, 134 
Phenyl-thio-xanthenol, 138 
Phenyl-triazole-aldehyde, 123 
Phenyl-triazole-carboxylic acids, 125, 132 
Phenyl-triazoles, 125, 130, 132 
Phenyl-triazolone-carboxylic acid, 133 
Phenyl- triazolones, 133 
Phenyl-trimethyl-indolinole, 59 
Phenyl-trimethyl-penthiazoline, 265 
Phenyl-trtoethyl-pentoxazoline, 260 
Phenyl-trimethyl-pyrazolones, 89 
Phenyl-urazine, 134 
Phenyl-urazoles, 134 
Phenyl-xanthene, 155 
Phenyl-xanthenol, 135 
Phenylene-acetamidfne, 109 
Phenylene-benzamidine, 109 
Phenylene-diazosulphide, 142 
Phenylene-formamidine, 109 
Phenylene- phenyl-guanidine, 1 1 2 
Phenylene-thio-urea, 112 
Phenylene-urea, 112 
Phloro(^uinyl, 22a 
Phoenicinsulphuric acid, 68 
Phonopjmrole-carboxylic acid, 35 
Phthalazines, 271, 272 
Phthalazones, 273 
Phthalyl-hydrarine, 273 
Phthalyl-phenyl-hydrazine, 273 
Piaselenofe, Z42 
Piazines, 282 
Piazothioles, 142 
Picolines, x66 
Picolinic acid, 175 
Picolyl-acrylic acid, 179 
Picolyl-all^e, 1% 

Picolyl-ketone, 174 
Picolyl-lactio acid, 179 
Picolyl-methyl-carbinol, 173 
Picolyl-methyl ketone, 174 
Pilocarpldine, 229 
Pilocarpine, 229 
Pilocarpi^ pennatifoHus, 229 
Pine-shaving reaction, 70 
Pipecol^ne, i8x 
Pipeooline, 184 
Pipecolinio acid, x86 
Pipecolyl-alkin, X85 
Pi^ecolyl-ethyl-alkine, 185 
Plpecolyl-methyl-alklne, 185 
Piptr hngum, 226 


Piperideixie aldehyde, 181 

nitrile, i8i 

Pipeddfllnes, i8o, 181 
Piperidine. x8a 
Hp^^aMehyde, t86 
Piperidine-dicarbox^ acid« 186 


I Piperidine-sulphonic acid, 185 
I Piperidyl-acetaldehyde, 184 
Piperidyl-acetic acid, X84, X85 
Piperidyl-acetone, X84 
Piperidyl-methyl-thiazoline, 1x9 
Piper idyl-propionic acid, x86 
Piperidyl-urethane, X84 
Piperine, X84, 226 
Piperolidine, x86 
Piperolidone, x86 
Piperyl-amino-cyanidine, 303 
Piperyl-hydrazine, 183 
Pisum sativum, 229 
1 Plant alkaloids, 225 
Polymerization, 2 
Potassium carbazole, 71 

pyrrole, 29 

Potential valences, 2 
Primuline, 120 
I*roline, 37 

j Prolyl-phenyl-alanine, 37 
j Propenyl-piperidines, X85, 229 
I Propenyl-p^idines, x68 
; Propyl-furfuryl carbinol, 15 
j Propyl-^lyoxalidirie, 107 
[ Propyl-tsoamyl-piperidine, 183 
: Propyl-phthalazone, 273 
; Propyl-piperidelne, i8x 
Propyl-piperidine, 184, 226 

oxide, 183 

Propyl-pyridine, 167 
Propyl-quinoline, X94 
Propylene-urea, 1x4 
r \ ■ ,249 

pseudo - 124 
228 

P9«t«io-Diazoacetic acid, 307 
' ’ ' 57_ 

psew^fo-Lutido-styril, 17 x 
ps^dwo-Lutido-styril carboxylic acid, 178 
ps/^wdo-Morphine, 247 
pscwrfo-Opianic acid, 256 
pscMito-Pelletierine, 238 
Picjwio-Rosinduline, 298 
Purine, 277 
P)n:amidone, 89 

P5rrazine-dicarboxylic acids, 283 
Pyrazine-monocarboxylic acid, 283 
Pyrazine-tetracarboxylic acid, 283 
Pyrazines, 282, 283 
Pyrazole, 75 
blue, 87 

Pyrazole-carboxylic acids, 82 
Pyrazole-dicarboxylic acid, 82 
Pyrazole group, 75 

ketones, 8i 

Pyrazole-tricarboxylic acid, 82 
Pyrazolidines, 92 
Pyrazolidones, 92, 93 
p5n‘azoline, 83 

Pyrazoline-carboxylic acids, 84 
Pyrazoline-dicarboxylic acids, 84 

ester, 84 

P5nrazoline ketones, 84 
Pyrazolone-azpbenzene, 86 
Pyrazolone-cartioxylic acid, 90, 91 
Pyrazolones, 85, 86, 89 
Pyrazolonyl-acetic ester, 9X 
Pyridarine-carboxylic acid, 269 
P^idazine-tetracarboxylic acid, 269 
Pyridazines, 269 
Pyridazinone, 270 
Pyridazinone-carboxylic acid, 270 
Pyridazone, 270 
Pyridine, 166 
Pyridine-betatne, xx, x66 
Pyridine-carboxylic acids, 174 
Pyridine, constitution, X58 

derivatives, synthesis of, 161 

Pyridine-dicarboxylic acids, X75, x76 
Pyridine group, 158, 226 
Pyridine-pen tacarboxylic acid, X78 
Pyridine-sulpbonic acids, 169 
Pyridlne-tetracarboxyllc acid, 178 
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Pyridine-tricarboxylic acids, 178 
Pyridones, 170 
Pyridoyl-acetic esters, 180 
Pyridyl-acrylic acid, 179 
Pyridyl-carbinol, 173 
Pyridyl-diethyl-carbinol, 173 
Pyridyl-dimethyl-carbinol, 173 
Pyridyl-ethylamine, 173 
Pyridyl-ethyl-carblnol, 173 
Pyridyl-ethyl ketone, 174 
Pyridyl-lactic acid, 179 
Pyridyl mercaptan, 172 
Pyridyl-methyl ketones, 174 
P5rridyl-methyl-pyrrolidine, 37 
Pyridyl-phenyl-carbinols, 173 
Pyridyl-pyiToIe, 31 

Pyridyl-tetrahydro-methylpyrrole, 230 
Pyridyl urethane, 170 
Pyrimidine-carboxylic acids, 275 
P5rrimidine-dicarboxylic acid, 275 
Pyrimidines, 274, 275 
Pyrimidone, 275 
Pyrindene derivatives, 198 
Pyro-cinchonic acid, 176 
Pyro-comane, 149 
Pyro-coraenic acid, 150 
Pyro-cresol, 155 
Pyro-mecazonic acid, 1 72 
Pyro-meconicacid, 150 
Pyro-mucic acid, 18 
Pyro-muco-nitrile, 18 
Pyro- tritar taric acid, 19 
Pyrocoll, 3a 

Pyrone-carboxylic acid, 148, 150 
Pyrone-dicarboxylic acid, 150 
Pyrones, 148, 149 
Pyronlne, 155 
Pyrridyl-pyrrole, N-, 29 
Psnrro-diazoles, 125, 130 
Pyrro-triazoles, 143 
Pyrrole, 27 
Pyrrole-aldehyde, 33 
Pyrrole-azo-comTOunds, 33 
Pyrrole-carboxylic acids, 33, 34, 35 
ester, AT-, 29 

Pyrrole-carboxylic-glyoxylic acid, 33 
Pyrrole-diacetic-dicarboxylic ester, ^ 34 
Pyrrole-dicarboxylic acid, 35 
Pyrrole red, 28 
Pyrrolene-phthalide, 35 
P5rrroIidine, 36 

Pyrrolidine-carboxylic acid, 37 
Pyrrolidone, 38 
Pyrroline, 36 
Pyrroyl-pyrrole, 33 
Pyrryl-carbamide, 29 
Pyrryl-dimethyl diketone, 33 
Pjrrryl-dipropionic acid, 35 
Pyrryl-ethyl ketone, 33 
Pyrryl-glyoxylic acW, 33 
Pyrryl-magnesium iodide, 30 
Pyrry 1 -methyl ketone, 33 
Pyrryl-phenyl ketone, 33 
Pyrryl-urethane, 34 

>rado, 154 
nercetin, 154 
Quercus tincloria, 154 
linacridines, 224 
linacridone, 224 

linaldine, 193, 202. See also Methyl-quinoline 
linaldine-aceto-carboxylic acid, 202 
Duinaldinc-alkine, 194 
^uinaldine chloral, 194 
uinaldine-oxalic ester, 195 
uinaldine synthesis of, 189 
uinaldinic acid, 201 
uinaldone, 199 
uinaldyl-hydrazine, 197 
uinaldylidene-phthalide, 193 
uinatoxines, 343 
‘nazolines, 377, 278 
nazolones, 379 

lindolines, 317 * 

uinic acid, 202 


Quinidine, 240 
Quinine, 239 
^inoline, 191 
Quinoline-aldehydes, 200 
Quinoline betaine, 192 
Quinoline-carboxylic acids, zoo, 201 
Suinoline derivatives, s5mtiiesis of, 188 
Quinoline-dicarboxylic acids, 202 
Quinoline-ethiodide, 192 
Quinoline group, 187 

ketones, 200 

Quinoline-methiodide, 192 
Quinoline red, 212 

yellow, 195 

Quinolinic acid, 176 
methyl-betaine, 176 

B uiuolinium compounds, 192 
uinolyl-acetaldehyde, 194 
Quinolyl-acetic acid, 194 
Quinolyl-acrylic acid, 194 
Quinolyl-hydrazine, 197 
Quinolyl-lactic acid, 194 
Quinolyl-phenols, ips 
Quinolyl-propane-diol, 144 
Quinolyl-propionic acid, 194 
Quinophthalone, 195 
Quinotoxine, 242 
Quinoxaline, 287 
Quinoxaline-diacetic ester, 288 
Quinoxaline-dicarboxylic acid, 288 
Quinoxalines, 285 
Quinoxalo-phenazine, 288 
Quinuclidinc, 185 


. Resacetein, 152 
! Resazurin, 263 
t Reseda luteola, 153 
_ Resorufin, hydroxy-phenoxazone, 263 
I Rhus colinus, 1 '54 

Rings with an 0 -and an N-membcr, table, 5 

with an 0-member, table, 3 

, with an S-member, table, 4 

■ — with one N-member, table, 4 
-—with two N-members, table, 4. See also 
three, four, five, and six-membered heterocyclic 
rings 

, Kobinia pseudacacia, 1$^ 

, Ribiniu, 154 
I Rosindoles, 51 
Rosindone, 299 
Rosinduline, 29K 


Safranines, 297, 299 
Safraninones, 301 
Safranols, ^00, 301 
“St. Ignatius’ bean,” 244 
Salipyrine, 88 
Scatole. See Skatole 
Scoparin, 154 
Selenazole, 121 
Selenophen, 26 

Seleno-pyrine, 90 • 

Selenoxen, 26 
Silico-tetrapyrrole, 30 
Silver isatin, 61 
Sinapane-proplonic acid, 265 
Six-membCTed heterocyclic rings table, 8. See 
also Rings 
Skatole, 52 
Skatole-acetic acid, 55 
Skatole-carboxylic acid, 55 
Sodium-dime thyl-Monitroso-pyrrole, 3 2 
Sodium-fsonitroso-pyrrole, 32 
Solanum bases, 233 
Sophora speciosa, 230 

iometUosa, 230 

Sophorine, 230 
Sparteine, 232 

oxide, 232 

Spartium scoparium, 154, 233 
Spartyrine, 232 
Stachhydrine, 37 
Sfachys tuberifera, 37 
Stilbazole, x68 
StrophatUnus, 229 
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Strychnic acid, 344 
Strychnine, 244 

oxide, 245 

peroxide, 245 

Strychninolic acid, 245 
Strychnolino, 245 
Strychnos bases, 244 
Strychnos Ignatii, 244 

nux vomica, 244 

Styryl-pyridines, 168 
Substantive cotton dyes, 120 
Sulpho-hydrazi- acetic ester, 10 
Sulphophenyl-pyrazole-dione-carboxylic acid, 92 
Sulphuvinic acid, 118 
Sulphydro-benzothiazole, 1 2 1 
Sylvane, 14 

Syndesnion Thallictroide^, 213 

Tartrate, 228 
Tartrazine, 92 
Tartrazinic acid, 92 
Tetrabroino-indigo, 68 
Tetrabromo-pyprole, 32 * 

Tetrabromo-thiophen, 23 
Tetrachloro-indigo, 68 
Tetrachloro-pyridines, 169 
Tetrachloro-pyrimidine, 276 
Tetrachloro-pyrrole, 32 
Tetrachloro-thio-diphenylamine, 266 
Tetrachloro-thiophen, 33 
Tetraethyl-pheno-safranirie, 300 
Tetrahydro-acridine, 221 
Tetrahydro-acridoue, 223 
Totrahydro-berberine, 256 
Tetrahydro-brucidine, 245 
Tetrahydro-brucine, 245 
Tetrahydro-carbazole, 71 
Tetrahydro-carbazole-carboxylic acid, 71 
Tetrahydro-furan, 20 
Tetrahydro-^lyoxalines, 107 
Tetrahydro-Moquinoline-carboxylic acid, 215 
Tetrahydro-tsoquinolines, 214 
Tetrahydro-naphthinoline, 217 
Tetrahydro-naphtbo-quinoline, 207 
Tetrahydro-oxazoles, 114 
Tetrahydro-paroxazine, 261 
Tetrahydro-phenyl-dimethyl-pyrazole, 78 
Tetrahydro-phenyl-methyl-furan, 1 9 
Tetrahydro-plithalazine, 272 
Tetrahydro-picoline, i8i 
Tetrahydro-pi^rine, 226 
Tetrahydro-quinaldine, 204 
Tetrahydro-quinazolines, 280 
Tetrahydro-quinolines, 20^3, 204 
Tetrahydro-quinolyl-propionic acid lactam, 206 
Tetrahydro-quinoxalme, 28^ 
Tetrahydro-strychnidine, 245 
Tetrahydro-strychnine, 245 
Tetrahydro-thiophen-dicarboxylic acid, 25 
Tetrahydro-thiophens, 26 
Tetrahydro-toluquinoline, 204 
Tetrahydroxy-flavone, 153 
Tetrahydroxy-flavonol, 154 
Tetraiodo-pyrrole, 32 
Tetraketo-piperizine, 285 
Tetramethoxy-benzyl-isoquinoline, 250 
Tetramethyl-benzo-iminazolinol, 1x2 
Tetramethyl-diamino-benzophenone sulphone, 158 
Tetramethyl-diamino-diphenylmethane sulphone, 
158 

Tetramethyl-diamino-phcno-thiazimium chloride, 
267 

Tetramethyl-diamino-thio-xanthone, 158 
Tetramethyl-diamino-xanthene, 155, 156 
Tetramethybdiamino-xanthone, 156 
Tetramethyl-dipyridyl, 168 
Tetramethyl-hydroxy-piperidine, 184 
Tetramethyl-keto-pyrrolldine, 38 
Te tramethyl-methyl-benzoxy-piperidinc-carbox ylic 
ester, z86 

Tetramethyl-indole, 52 
Tetramethyl-piperi^e, 184 
Tetramethyl’pyrazine, 283 
TetramethjI-pyrajBoles, 7?, 78 
Tetramethyl'pyridine, 167 


Tetramethyl-pyrone, 150 
Tetramethyl'pyrroli^e-carboxylic acid, 38 
Tetramethyl-pyrroline-carboxyllc acid aimde, 185 
Tetramethylene-imme, 36 
Tetramethylene oxide, 20 
Tetramino-pyrimidine, 276 
Tetraphenyl-aldine, 283 
Tetraphenyl-dihydro'pyrazine, 284 
j Tetraphenyl-dihydro-pyfidazine, 270 
Tetraphenyl-dihydro-tetrazine, 308 
Tetraphenyl-furan, 14 
Tetraphenyl-hexahydro-tetrazine, 308 
Tetraphenyl-pyrazine, 283 
Tetraphenyl-pj^role, 31 
Tetraphenyl-thiophen, 23 
Tetraphenylene-ethylene dioxide, 156 
Tetrazine-dicarboxylic acid, 307 
Tetrazines, 305, 306 
Tetrazole-carboxylic ethyl ester, 146 
Tetrazole sulphonic acid, 146 
Tetrazoles, 143, 144 
Tetrazolium, 1^7 
Tetrazyl-azolmide, 146 
Tetrazyl-hydrazine, 145 
Tetrazyl mercaptan, 146 
Tetronic acid, 20 
Thalline, 204 
Theba'ine, 249 
^ Thebaol, 249 
I Thebenidine, 250 
Thebenol, 250 
Thiazine, dyes of, 266 
i Thiazines, 264 
' Tliiazoles, 116 
i Thiazoline-mercaptan, 119 
! Thiazolines, 118 
I Thienone, 25 
Thienyl-acrylic acid, 24 
Thienyl-carbinols, 24 
Thienyl-diphenyl-methane, 23 
Thienyl-glyoxylic acid, 25 
Thionyl-indole, 52 
Thienyl- methyl ketone, 25 
Thienyl-phenyl ketone, 25 
Thienyl-sulphydrate, 24 
Thienyl- tripheiiyl-methane, 23 
Thienyl-urethane, 24 
Thio-acridine, 222 
Thio-benzazimide, 305 
Thio-benziminazoline, 112 
Thio-benzoxazole, 116 
Thiocarbonyl-thiocarbanilide, 1 2 
Thio-cumazone, 260 
Thio-cumothiazone, 265 
Thiodiazole-carboxylic acid, 14 1 
Thiodmole-dicarboxylic acid, 141 
Thiodiazole dithiol, 141 
Thiodiazoles, 141, 142 
Thiodiazolines, 140 
Thiodiazols, 139 
Thio-dinaphthylamine, 266 
Thio-diphenylamine, 266 
Thioflavine, 120 
Thio-indigo red, 47 

scarlet, 45 

scarlet-R, 63 

Thio-indirubfti, 45 
Thio-indoxyl, 45 
Thio-isatin, 63 

Thio-keto-tetrahydro-quinazoline, 281 
Thio-keto-thiazolidine, 119 
Thio-lutidone, 173 
Thiol-quinoline, 200 
Thionaphthen, 44 

Thionaphthen-acenaphthene Indigo, 45 
Thionaphthen-indole, 47 
Thionaphthen-indole-indigo, 57, 63 
Thionaphthen-quinone, 46 
Thionaphthen-quinone-anile, 47 
Thionaphthen-quinone-anils, 45 
Thionaphthen-quinone-monoxime, 45 
Thionaphthen-quinone-oxime, 46 
Thionessal, 23 
Thionine, 267 
Tbionol, 268 
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Tbionoline, 268 
Thiophen, 20, 21 
Thiophen>alddiyde, 24 
Thioplm>carboxylic acids, 25 
Thiophen*dicarboxylic acid, 25 
Thiophen-sulphonic acids, 24 
Thiophen-tetracarboxylic methyl ester, 25 
Thiophenid acid, 25 
Thiophenin, 24 

Thio-phenyl-ethyl-pyrazole, 88 
Thio-phenyl-methyl-pyrazole, 88 
Thio-phenyl-naphthylamine, a 66 
Thio-phenyl-triraethyl-pyrazole, 88 
Thiophthen, 25 
Thio-pyrine, 88, 90 
Thio-pyroninc, 158 
Thio-tetrahydro-quinazoline, 281 
Thiotolen, 22 
Thiotriazoles, 142 
Thio-urazole, 134 
Thio-xanthene, 158 
Thio-xanthone, 158 
Thio-xanthydrol, 158 
Thioxens, 23 

Three-membered heterocyclic rings table, 

See also rings. 

Tolazone, 274 

Toliminazole-/*-carboxylic acid, no 
Tolu-dihydro-quinaldine, 203 
Tolu-dihydro-quinoUne, 203 
Tolu-phenazine, 291 
Tolu-piaselenole, 142 
Tolu-quinaldines, 194 
Tolu-quinolines, 193 
Tolu-quinoxaline, 287 
Tolu-safranine, 300 
Toluylene acetamidine, no 
Toluylene-ced, 295 
Toluylene-urea, 112 
Tolyl-azimido-toluene, 128 
Tolyl-methyl-thiazoline, 119 
Tolyl*pyrazole, 78 
Tolyl-tetrazole, 145 
Tolyl-tolu-dihydro-triazine, 305 
Tolyl-tolu-dihydro-triazone, 305 
Tolypy^e, 88 
Triacetic acid, 149 
Triacetone-alkamine, 184 

Trtacetoneamine-tetramethyl-keto-piperidinc, 1 84 
Triacetonine, 185 
Triacetonine-alkyl-sulphides, 185 
Triamino-cyanidine, 303 
Triamino-pyrimidinc, 276 
Triazlnes, 302, 305 
Triazole, 122 

Triazole-carboxylic acid, 132 
Triazoles, sym., 128, 130 
Triazolones, 132, 133 
Tribromo-glyoxaline, 105 
Tribromo-pnenyl-p)rrazore, 79 
Tribromo-thiophen, 23 
Tricarbazyl-carbinol, 71 
Tricarboxylic methyl ester, 84 
Tricarboxy-pyrazolyl-acetic tetramethyl ester, 84 
Trichloro-cyanidine, 303 
Trichloro-ethylol-picoline, 174 
Trichloro-hydroxy-methyl-coumarilic acid, 42 
Trichloro-pyridines, 169 
Trichloro-pyridyl-acetic acid, 179 
Trichloro-pyridyl-malonic ester, 179 
Trichloro-pyrimidine, 276 
Trichloro-quinoline, 196 
Trigonella fatnwn gracum, 229 
Trigonelline, 175, 229 
Trihydroxy-flavone, 153 
Trihydroxy-flavonoi, 154 
Trihydroxy-methyl-ifocarbostyril, 2x3 
Trlhydroxy-pyridine, 172 
Trihydrozy-quinoline, aoo 
Ttihydroxy'xanthone, 156 
Triiodo-nitro'pyrrole, 3a 
Triketo>piperidine, 17a 
Tiimethybbenzo-metoxBzine, 360 
TrixxiethyKbenzo-trifuran-tricarboxylic ester, 44 
Tthnethyl-bensiminaxoUiiol, zxa 
Trimeth^-beasylidexie-indoline, 39 


Trimethyl-glyoxaline, 104 
Trimethyl-mdole, 5 a 
Trimethjd-indolenine, 51* 5 * 

Trimethyl-indolinole, 59 
Trimethyl-isoxazole, 99 
Trimethyl-keto-tetrahydro-pyrimidine, 277 
Trimethyl-methylene-indoline, 5i» 50 
Trimethyl-pyrazine, 283 
Trimethyl-pyrazole, 77 
Trimethyl-pyrazoles, x8 
Trimethyl-pyrazoline, 83 
Trimethyl-pyrazolone, 88 
Trimethyl-pyridine-dicarboxylic acid, 178 
Trimethyl-pyridincs, 167 
Trimethyl-pyrrole, 31 
Trimethyl-pynrolidine, 37 
Trimethyl-quinolinic acid, i77 
Trimethyl-tetrahydro-pyrimidine, 277 
Trimethyl- thiazole, 117 
Trimethylene imine, 11 

oxide, II 

Trimethylol-picolines, 173 
Trimethylol-quinaidine, 194 
Trioxindole, 60 
Triphenazine-oxazine, 301 
Tripheno-dioxazine, 264 
Triphenyl-cyanidine, 302 
Triphenyl-dihydro-glyoxaline, 107 
Triphenyl-dihydro-pyridazine, 270 
Triphenyl-furan, 14 
Triphenyl-glyoxaline, 105 
Triphenyl-methyl-pyrazolidine, 92 
Triphenyl-osotriazole, 123 
Triphenyl-oxazole, 114 
Triphenyl-oxazolone, 113 
Triphenyl-phosphor-betaine, 1 1 
Triphenyl-pyrazole, 78 
Triphenyl-pyrazoUne, 84 
Triphenyl-pyridazine, 269 
Triphenyl-pyridine, 168 
Triphenyl-p3nnro-diazole, 1 30 
Triphenyl-tetrahydro-pyrazines, 284 
Triphenyl-thiazole, 117 
Triphenyl-triazole, 130 
Tripyrrole, 28 
Triqiiinolyl-methane, 195 
Tropa-cocalne, 236 
Tropelnes, 234 
Tropic acid, 233 
Tropilene, 235 
Tropine, 233, 234 

decomposition of, 234 

group of alkaloids, 233 

Tropine-carboxylic acid, 237 
Truxillic acids, 236 
Truxilline, 236 
Tryptophane, 55 

Ulax eufopaus, 230 
Ulexine, 230 
Urazines, 134 
Urazole, 133 
Urazoles, 

Uvinicac; 

Uvitonic acid, 177 

Valences. See Potential valences 
; Vegetable alkaloids, 225 
I Veratrine, 246 
, y^rairum album, 246 

1 alkaloids, 246 

I sabadilla, 246 

‘ Vinyl - diacetone - alkamines - hydroxy - trimethyb 
I piperidines, 185 
Vinyl-pyridine, x68 
Vinyl-quinoline, 194 
: VUex Imoralis, 1 54 
i Vitexin, 134 

; Xantbsne, 154 
Xanthione, 136 
Xanthoche^onic acid, 130 
Xanthones, X44, 136 
Xanthoxalanu, 38 
Xanibydrol, 153 
ether 133 








